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Vorrede zur 2. englischen Ausgabe. 

Die Edition eiiier 2. englischen Aiiflage dieses Buclies, 2 
Jahre nach dem Eraclieiiien der i. Auflage, zeigt, dass es dem 
Werke gelungen ist, auch in englischen Kreisen sich Freunde zu 
erwerben. Indeni ich dies mit Genugthuung feststelle, driingt 
es mich, den AVunsch hinzufiigen, dass auch diese 2. Edition 
bei den englischen CoUegen dieselbe giinstige Beurtheilung finden 
moge ! 

Herrn Dr. James Cagney sage ich fur seine Mlihewaltung 
besten Dank. 

Phof. R. v. JAKSCH. 
pRAd, %m Oktober, 1892. 



In tlie Second Edition of this book, as in the First, I have 
endeavoured to adhere closely to the German text. Tlie clianges 
are chiefly of form and arrangement, with here and tliere others 
that have been made after consulting the original authorities. I 
am indebted to Prof. v. Jakscli for his cordial co-operation. For 
the new matter, whicli is in every CAse enclosed within sc^uare 
brackets, I am alone responsible. It includes, however, a part 
of that which Wiis contributed by Prof. Stirling as an Appendix 
to the First Edition. 1 liave again to express my acknowledg- 
ments to the publishers (Messrs. Griflhi) for the assistance wliich 
they have given me in putting the book througli the ])ress. 



JA^IES CAGNEY. 



WiMi»OLE Street, Xovemhtr 1892. 
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CHAPTEE I. 

THE BLOOD. 

Every change in the quantity or the quality of the blood itself is apt to 
be attended with serious disturbance of the system ; further, the blood is 
the carrier and distributer through the body of nearly all the poisons, 
organic and inorganic, which act ujwn the latter. From this it follows 
that the physiology and pathology of the blood represent a mass of 
knowledge, at once immense and various. It is not our purpose, here, 
however, to treat these subjects exhaustively, but merely to select from 
them certain well-established facts which l>ear upon disease, and to point 
out the way in which they may help in its diagnosis. 

I. COLOUR. — Arterial and venous blo<Kl differ considerably as to 
colour in health, the former being scarlet, and the latter a bluish red. 
The distinction, however, l)elongs not to the fluid part of the blood, or 
plasma, but to the colouring-matter, or haemoglobin, contained in the 
red corpuscles, and it depends upon the chemical constitution of the 
corpuscles, which, changing colour themselves, determine the tint of the 
whole mass of the blood. 

Thus, when the bloo<l is rich in oxygen, the amount of haemoglobin 
is increased, and the fluid is proportionately bright red. Again, whei*e, 
as is always the case with venous blood, oxygen is deficient, or where, 
from physiological or pathological causes, arterial ])lood contains but 
little oxyhaemoglobin, the colour is darker, and this in a degree corre- 
sponding to the condition which underlies it. In certiiin morbid states, 
however, the blootl may assume a brighter tint than that of healthy 
arterial blood. In carbonic oxide poisoning, for instance, it is of a 
bright cherry colour (see p. 63). [Venous blood, which ap^Hjars dark 
red ]>y reflected light, is green by traasmitted light. It is therefore 
said to be dichroic. Arterial blood is monochroic.^]* The blood which 
is taken from the finger for the purjwse of microscopical examination by 
means of a slight puncture is usually venous in character. 

* The Numbers refer to the Bibliography at the end of the vulume. 

A 
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n. THE REACTION of healthy blood, like that of nearly all the 
tissue fluids, is alkaline. [It is due to the presence of disodic phos- 
phate, NaoHPO^, and bicarbonate of soda.] Still, this reaction is liable 
to considerable variation under certain conditions of health as well as 
in disease. 

The alkalinity of the blood diminishes when it has been with- 
drawn from the influence of living blood-vessels. Hence we find 
that an acid reaction is one of the phenomena of coagulation, and 
that this becomes more pronounced the longer the blood is allowed 
to stand. [The change depends upon the formation of an acid derived, 
probably, from the decomposition of the colouring-matter of the red 
corpuscles.] 

To test the reaction of the blood, Liehreich ^ employs plates of plaster 
of Paris or clay soaked in neutral litmus solution. A few drops of the 
blood to be examined are placed upon this, and washed off again with 
water.* If the blood was alkaline, the spot upon which it has fallen 
exliibits a blue, but if acid, a red colour. 

For the same purpose Zuntz^ uses glazed litmus paper soaked in a 
solution of common salt or sidphate of soda ; this he dips several times 
in the blood to be tested, and again waslies in the salt solution. The 
same thing may l^e done by allowing a drop of the blood to fall on the 
litmus paper, and then quickly washing it off again, as in Liebreich's 
method. 

For the comparative estimation of the alkalinity of the blood in 
animals, Lassar^ has devised a process, which, however, caimot be 
applied to the case of human beings, where the requisite quantity of 
blood is not available. On tlie other hand, the plan which Landoia ^ 
recommends is very suitable for clinical purposes. 

The author has obtained useful results in a large series of observations 
by proceeding according to the following method (a modification of that 
of Landois), for the quantitative estimation of the alkalinity of the 
blood : — 

A mixture is made of a concentrated solution of sulphate of soda with 
i/ioo and i/iooo normal solution of tartaric acid (I.) in various propor- 
tions ; and in this way a series of test-fluids is obtained, the members 
of which contain varying quantities of acid to the cubic centimetre, t 



* [The reaction of the bloc>d with ordinary litmus paper is obscured by the red 
colour of the fluid, and the various expedients for its determination are directed to 
overcome this difRculty.] 

t The fluids are prepared thus : 7.5 grms. of pure tartaric acid are dissolved 
in a litre of water, and a normal solution (i/io of the acid) results. By appro- 
priate dilution of this, the other normal solutions (i/ioo and i/iooo) may be 
obtained. • 



DETERMINATION OF ALKALINITY. 3 

Exi)erience shows that eighteen such test-solutions of varying acidity 
are needed. And of these : — 



I. contains in i cc. 0.9 cc. of x/ioo normal solution of acid and 0.1 cc. ' 

II. „ in I cc. 0.8 cc. of i/ioo „ ,, „ 0.2 ,, 

and so on. 

IX. ,, in I cc. 0.1 cc of i/ioo „ ,, ,, 0.9 ,, 

X. ,, in I cc. 0.9 cc. of i/iooo „ ,, „ o.i „ 

and so on. 

XIV. „ in I cc. 0.5 cc. of i/iooo ,, ,, ,, 0.5 „ 

and so on. 

XVIII. ,, in I cc. 0.1 cc. of i/iooo „ ,, ,, 0.9 „ j 
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The experiment is conducted in the following manner : — The proper 
quantities of the acid and sulphate of soda solutions are placed in a 
series of watch-glasses, by means of a pipette graduated in o.i cc.,* 
and a number of strii)s of very sensitive blue and red litmus paper are 
prepared. The blood is usually taken by means of cupping-glasses from 
the patient's back, and before it coagulates, o. i cc. of the blood is added 
to each cc of the fluids described above, well mixed in each case, and the 
resulting mixtures tested with the litmus papers until one is found to 
exhibit a neutral reaction, i.e., leaving the red and blue litmus paper 
unchanged. This will show what quantity of the acid is required to 
neutralise 0.1 cc. of the blood in question. In order to arrive at an 
accurate result, it is necessary to proceed very quickly, and as a rule it 
may ]ye laid down that not more than 1 ^ minutes should be allowed to 
elapse between the taking of the blood and the conclusion of the experi- 
ment, having regard to the rapid diminution of alkalinity after the blood 
is withdrawn from the living vessels. 

For the sake of clearness the following example may be taken : — 

In the case of a man who suffered from tuberculosis and tabes dorsalis, it was 
found that a4 cc. of i, 100 normal tartaric acid solution was required to neutralise 
a I cc. of blood. 

I cc. of i/ioo normal solution of the acid corresponds to 0.0004 grm. NaOH. 
O.I „ „ „ „ M aoooo4 „ „ 

0.4 „ „ „ „ „ o.ocx>i6 „ „ 

The alkalinity of the blood may, therefore, be expressed by 0.00016 grm. NaOH 
for 0.1 cc., or . 160 grm. NaOH for 100 cc. 

Haycraft and WilliamBon's Method. 

[The method recently introduced by Haycraft and WiUiamson"^ is very suitable 
for clinical purposes, since by its means the alkalinity of the blood may be deter- 
mined quantitatively from a single drop of the fluid. 

A number of red litmus papers is prepared, containing varying quantities of 
oxalic or some other acid. One of these is such as is found by experiment barely 
to give a reaction with normal blood, and this is made the basis of a series of test 



* For this purpose also the automatic pi^iettes (dee p. 19) containing ai cc will 
serve very well. 
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papers answering to different degrees of alkalinity. The strength of each is esti- 
mated by means of a solution of caustic potash of known concentration. The 
papers are glazed, and dipped for a second or two in liquid paraffin and then 
dried. In conducting the experiment a drop of blood is drawn from the finger 
(previously well cleansed) and placed upon a paper of medium strength. There 
it is allowed to rest for ten seconds. Sufficient of the plasma has then soaked in. 
The blood is washed off, and the reaction, if any, is at once apparent. Should 
this be so, a paper containing more acid is employed ; but if there be no reaction, 
a weaker one is taken. Suppose, now, it is found that the blood will give a rcac* 
tion with the sixth and not with the seventh paper, the former is then taken as 

the expression of its alkalinity. But it is known that an — solution of an alkali 

will give the same reaction, therefore the alkalinity of the blood will be — * 

" This is perhaps not absolutely true, for probably the blood plasma does not 
percolate so readily into the litmus paper as does a watery solution of an alkali. 
In this case, however, the error will be uniform," and will not vitiate the con- 
clusion in a scries of comparative investigations.*] 

It is true, us H. Meyer ^ liiis shown, that thci results to be obtained in 
tills way are open to error. This, indeed, we should expect, since the 
final reaction varies in each specimen with the colour of the blood and 
the quantity of C(])., which it contains. The method has been described 
here, faulty and unsatisfactory as it is, Ix^cause by means of it certain 
information has been obtained as to the character of the blood in 
disease.'** 

The author's experiments ^^ have led him to the conclusion tliat the 
alkalinity of loo cc. of healthy human blood coiTesi)ond8 to 260-300 
mgrms. of NaOH. Canard,^^ who adopts a similar method, gives the 
equivalent .is 203-276 m<a'ins. NaOH ; while Mija and Tassinariy^- from 
experiments upon blood drawn from the veins, quote very much higher 
figures (516 mgrms.) The alkalinity of the blood is often diminished 
in fever. The author has invariably found it reduced considerably in 
uraemia, as well as in certain toxic states, as carbonic oxide poisoning. 
[It is also reduced in persistent vomiting.] In organic diseiise of the 
liver, leukaemia, pernicious anaemia, and diabetes, the author has found 
such a diminution as was capable (^f being expressed in figures, and in 
this (the condition of the l^lood in chlorosis alone excepted) he is borne 
out by the researches of Grdber}^ His conclusions have also been con- 
firmed by Peiper ^* and liuiiijpf,^^' The results obtained by Kraus ^^ with 
another metho<l are substantially the same. Klein perer ^"^ has proceeded 
also on the principle of estimating the proportion of CO^. He has found 
that the diminished alkalinity of the blood in fever is not affected by 

* [I am indebted to the courtesy of Dr. J. B. Haycraft for a personal communica- 
tion on the subject discussed in the text. He informs me that he has already derived 
important clinical inferences from the application of his method. By means of it he 
has ascertained that the reaction of the blood in different conditions may vary as 
widely as that of the urine. — (Ed.)] 
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the administration of anti-pyretic remedies. Cantani ^^ is of opinion 
that the blood in cholera may exhibit an acid reaction even during life. 

Kraos* Method. 

The blood is taken by a laDcet« and its content of carbonic acid determined by 
weighing. This method is probably accurate ; but from the quantity of blood 
which it demand^s and the inexpediency of employing the lancet for clinical pur- 
poses, it is not to be preferred to the other methods, which in general have yielded 
the same results. 

rn. SPECIFIC GRAVITY OF THE BLOOD.— The si>ecific gravity 
of healthy human blood has been stated at 1.045- 1.07 5 ^Y Landote^^^ 
and 1. 035-1. 068 by Lloyd Jones,^^ It is usually lower in women than 
in men ; and the Itist-mentioned authority has shown that it is highest 
at birth, falls gradually during the first few years of life, and reaches 
its lowest i)oint in man at 35-45 years of age. [It is diminished by 
hunger, in pregnjincy, by the ingestion of solid or liquid food, or by 
gentle exercise. ^^] 

To estimate the specific gravity of the blood, Boi/s method may be 
adopted. This requires a series of test-tubes, holding a mixture of 
glycerine and water in different proportions, so that the sp. gr. of these 
shall range between 1.040 and 1.080. The test-tul^es should have a 
diameter of 4 cm. and should hold from 80-100 cc. 

The proceeding is as follows : 2- — A drop of blood is drawn from the 
finger by pricking it with an aseptic needle ; a ca2)illary tube of glass, 
bent at a right angle, and connected by a caoutchouc tube with the nozzle 
of a Pravaz syringe is now taken, and the free pointed end of the tul)e is 
placed in the centre of the exuding blood, some of which is drawn into 
the tube by a slight movement of the piston. By gentle pressure on the 
piston of the syringe a drop of blood is expelled into the middle of the 
fluid in one of the test-tubes. There the blood vnW rise or sink according 
to the density of the glycerine mixture, and successive trials are made 
until a fluid is found in which the blood remains 8US2>ended. The 
density of tliis fluid is that of the blood. The glycerine mixtures may 
])e preserved for future use by the addition of a little thymol, but their 
sp. gr. must l)e verified Ixjfore each investigation. [English ol>server8 
generally dispense with the syringe and employ the right-angled glass- 
tube, which is pointed at one extremity and expanded at the other, where 
it is (dosed by a caoutchouc cap, and by means of this the blood is drawn 
in and again expressed in the test fluid. For purposes of comimrison 
the blood should Ix; examined in the morning, and always at the same 
hour, since Lloyd Jones -^ has shown that its sp. gr. undergoes diurnal 
variations, deiHjndent probably \\\)OTi the ingestion of food. Again, in 
removing the blood for examination, it is important to avoid pressure on 



6 THE BLOOD. 

the part from which blood is withdrawn (as by squeezing, or the applica- 
tion of a ligature), since the sp. gr. is altered by such expedients.] 
Haiiwier8chlag*8^* method, and that of Schmaltz ^^ and Peiper,^^ who 
make use of a capillary pycnometer, seem to have no advantage over 
that described here. 

[Instead of glycerine Laiulois employs solutions of sulphate of soda 
for the test fluids. The process is in other respects the same as Roy's.^" 

Monckton Copeman ^^ and Sherrington have investigated the sp. gr. of 
the blood by a method founded on that of Roy. To prevent decomposi- 
tion of the test fluids and consequent change in their density they are 
derived from a stock fluid of glycerine and water saturated with boro- 
glyceride and sulphate of magnesium, with a small quantity — i in looo 
— of corrosive sublimate. Such a fluid will remain serviceable for more 
than three years.] (See note on p. 78.) 

Examination of the blood in the author's clinic has shown that 
intestinal haemorrhage, severe anaemia, and prostration, are attended 
with a fall in specific gravity. Siegl and Schmaltz have found that the 
specific gravity varies with the proportion of liaemoglobin, but not with 
the total number of cellular elements. Hence it follows that a diminu- 
tion in the number of red corpuscles may be inferred from a fall in 
sp. gr., and the comparatively easy investigation of the latter may be 
made in practice to replace the estimation of haemoglobin, which can be 
effected only by the use of costly instruments. 

IV. CHANGES IN THE FORMED ELEMENTS OF THE BLOOD.— 

The blood contains red and white corpuscles, and recent observations 
{Bizzozero) have shown the presence in it of a third class of formed 
elements, — the blood-tablets (or blood-jJates). The existence of these 
bodies is now beyond dispute. To make them apparent in fresh blood, 
it is necessary to fix the latter by the addition of some preserving fluid, 
such as Hayem*s ^ solution, when it may be examined directly with an 
oil-immersion lens and a narrow diaphragm. 

The constitution of Hayem^s solution is iis follows : — 

I grm. of chloride of sodium, 5 grms. of sodlc sulphate, 0.5 grm. corrosive 
sublimate, and 200 grms. distilled water. 

The preparation will then show the bodies in question as minute 
objects Avith a diameter less than half that of the red blood-corpuscles, 
scattered singly, or in groups in the field. In the present state of our 
knowledge, they possess no diagnostic importance. [They are sup[K)sed 
to be most abundantly present in the blood of j)ersons suffering from 
chronic diseases ; and are said to increase in number during pregnancy 
(Halla), in conditions of regeneration (Afaiiassietr)^ in febrile anaemia 
(Fusari), and to diminish in fever.^^] 
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The physiology of the red and white blood-corpuscles is sufficiently 
set forth in the Text-books of that science.^^ 

Pathologically, the cor^mscles exhibit changes as to quantity and 
character which are of the utmost importance in diagnosis. These 
changes seldom occur separately, but are usually combined, — although 
alterations of the structure of the corpuscles may be more pronounced 
in some cases, of their number in others. We shall consider : 

1. The diminution in the number of the cellular elements of the 
blood {oligocythcemia), 

2. The increase in the number of the cellular constituents. An 
absolute increase of this kind has not yet been proved to occur, but 
a relative preponderance of white corimscles is often met with. This 
happens normally during digestion {physiohgical leucocytosis), — as a 
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Fio. X.— Blood-plates from normal blood. (The blood bad been fixed with Hayem's Folution. 
Eye*piece III., objective Ztitt i>f, homogeneous immersion). 

transient phenomenon in a number of morbid states {pathological leu- 
coct/tosis)^ and as a persistent condition {leukamiia). 

3. Changes in the form of the blood-corpuscles {poildlocytosisy micro- 
cyth^mia). 

1. OligrOCythSBinia* — Vleronlt has computed that in health the 
number of red blood-corpuscles is five millions in a man, and 4^ millions 
in a woman to the cubic millimetre of blooil.^*-' ^^ In disease the number 
may diminish temiwnirily or permanently to two millions, or even sink 
as low as 360,000 per cubic millimetre. Such a condition may occur as 
a consequence of haemorrhage, whether of a traumatic origin, or due to 
morbid changes in the blood-vessels, as when intestinal bleeding takes 
place in typhoid fever. As a i^ormanent state, it may be a phenomenon 
of any disease which is attended with deficient regeneration of the bloixl. 
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[The number of the red corpuscles is lessened in chronic lead-poison- 
iug, miasmatic conditions, and in syphilis.] 

Diagnosis of Oligoajthctmia. — The methods and apparatus employed 
by physiologists to estimate a diminution of the red blood-corpuscles are 
very many ; but of these a large number are useless for clinical purposes, 
inasmuch as they require too great quantities of blood to work ui)on. 

The apparatus which will serve our purpose is of two classes. One 
is used to count the actual number of blood-corpuscles in a specimen 
of blood ; the other, by estimating the quantity of haemoglobin present, 
enables us to draw an inference as to changes in the blood. Both 
methods have their advantages and supplement each other, since a 
diminution in the haemoglobin is usually proportionate to a diminution 
in the red corpuscles; thus, oligochromcemia and oligocythcBmia mostly 
occur together. Quite recently also, it has been foimd possible to take 
account of the bulk of the red corpuscles (see p. 25), a point of some 
value clinically. 

When the oligocythit^mia is very pronounced, a glance through the 
microscope will suffice to recognise it; and so with oUgochronuemia — 
diminution of haemoglobin — a little practice will enable us to detect it 
by a simple examination of the blood in a very thin layer without the 
addition of any fluid. To effect this, the end of the finger should be 
washed in plain water, and pricked, and the first drops of blood allowed 
to flow ofT. A glass slide should then l)e allowed to touch the summit 
<^f the drop of blood on the skin without coming in contact with the 
finger, quickly \vithdrawn, and a cover-glass placed over it. 

In this way such impurities as ejDithelium, &c., are avoided. 

The use of carbolic acid, aether, or alcohol, to wash the skin, is not to be 
recommended, since these bodies are likely to produce changes in the appearance 
of the corpuscles. When the object of the examination is the detection of micro- 
organisms in the blood, the utmost care must be taken in cleansing the skin (see 
p. 40). 

Proceeding in this way in a (jase of oligocythaemia, when the slide 
is placed under the niicroscojic, a marked diminution in the number of 
blood-corpuscles will be noticed. The red corpuscles will also in most 
cases be paler than normal ; their usual bi-concavc shape less marked ; 
they are somewhat flattened, and they tend less to run into rouleaux or 
assume stellate forms. At the siime time, they may be seen to have 
undergone peculiar changes of shape (poikilocgfosis). 

For many jnirposes it is well to fix the blood with some preserving 
fluid before examination. A solution of common salt (0.8-1.0 per 
cent.) or of sulphate of magnesium (5 per cent.) may be used (Griiber), 
HayeiiCs or PacinCs solution may be employed. Hayem^s has been 
already described. 
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Pacini 9 tolution is prepared thus : — A mixture is made of i part corrosive sub- 
limate, 2 parts common salt, 13 parts glycerine, and 113 parts distilled water, and 
the fluid is allowed to stand for at least two months. When about to be used, a 
portion is diluted with three times its bulk of distilled water, and filtered through 
blotting-paper.'* 

When it is a question of a lesser degree of 
oligocythsemia, this proceeding will not suflBce, and 
we must have resort to special means of estimating 
the precise number of the corpuscles or the relative 
quantity of haemoglobin present. In recent times 
a great many instruments have been constructed 
with the first-named object — as those of Quincke^ 
MalasgeZy Hay em, Gowers,^ and Thoma and Zeiss. I3 >l 101 

The principle on which all these are constructed is 
the same. A known quantity of blood is mixed in 
definite proportion -vnth some indifferent fluid (3 
I)er cent, salt solution, &c.), a portion of the mix- 
ture is placed upon a hollow slide of known con- 
tents and graduated surface, and then the cor- 
puscles are counted with the aid of the microscope. 

(a.) The Thoma-Zeiss Apparatus for Oonnting 
Blood-Corpuscles. — The simplest and ])est of these 
instniments is that of Thoma and Zeiss. It con- 
sists of a capillary tube of glass about 10 centi- 
metres long, expanding in its upper third to a Imlb, 
in which lies a small glass ball. The lower end of 
the tube is furnished with a scale, graduated in 
parts, numbered o. i, 0.5, i, up to 10 1 (fig. 2). With 
this instrument is used a counting-chamber in- 
vented ])y Abhe^ and Zeiss, This is a glass recep- 
tacle cemented uix>n a glass slide (fig. 3) ; it is 
exactly o.i mm. in depth, and its floor is marked 
out into microscopic squares (fig. 4). The sjmce 
overlying each squfire = 1/4000 mm^* and the 
squares are jwrtioned out in gTOUi)S of 16 by plainer pi„ a.—capuiftry Tube 

lines (fiji I*) (Thoma-Z6i88 Apimratus 

A 1' 4' ^ ji Ti A 4 1 '°^ Counting the Blood 

Application of the Process. — A puncture is made corpuscles), 
in the tip of the finger, and in doing this the 
precautions already indicated are taken. Blo(Ki from the summit of the 
exuding drop is then sucked into the tul^e until it reaches the mark .5 
or I. Tlie point of the tube is wii)ed, and a 3 i>er cent solution of 
common salt sucked in until the fluid has risen to the point marked 101. 



* Mm ' = cubic millimetre. 
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Fof Biniie years the aiithrir lian iise^l Hayem's fluid in this exiieriiueiit 
(see |). 6). Daland'^ nml Sadler^^ prefer a 2\ [.wr cent, solution of 
bicliroiuate of potash. Tlie contents of the tube are then thoroughly 
mixed, and the column of fluid in the capillary tube is removed by 
blowing into the tube, as the blood would not mix with the aolntiou 
of common salt. To ueglect this precaution, therefore, would vitiate 
the oxiJerinieat. 



The capillary tube 
iltstllled water, tbeu v 
air blown Chroagli it. 



must be carefully cleaoed after use, by washing it with 
ilh alcohol, and tioally with sether, and a brisk crnreDt of 
Fur the Itttter purpose Bohm't air-pump is very suitabla 







S.-TI10C 



7.e\aa AppAiutuq 






The hollow cell of the slide is ne\t filled with the mixed blood- 
and-salt-fiolution, care lieiiiR taken to guard against the admission 
of air-bubbles, and thi' cover-glasa is accurately adjusted in such a 
manner that Newton's colour-rings ara produced. The preparation 
is left to stand for some minutes, bo as to idlow of an intimate ad- 
mixture of i\s [larta, after which it is placed under the microscope, 
and looked at with a iwwer of 30-70 diameters, when it will be seen 
whether any air-bubbles or foreign 'bodies are present in it, and 
whether the corpuscles are pretty evenly difitrihuted through the fluid. 
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The latter are then counted under a high power. In doing tliis, the 
number present in sixteen squares is counted, and from this the average 
is estimated. The greater the number of the squares taken, the more 
accurate will be the result attained. To count the corpuscles contained 
in sixteen squares, Lyon and Thoma^^ made the following suggestions : — 

The space overlying a vertical series of four of the squares is taken 
as that the contents of which are to be estimated together. All the 
cells which cover or impinge upon the upper boundary of the rectangle « 
formed by these four squares are to be reckoned, and that whetlTer the 
cells themselves are situated withm or without the boundary-line in 
question. So also are those which touch upon the line bounding the 
field of four-squares on one (left) of its sides, and all that are entirely 
included within its limits without being anywhere in contact with the 
boimdary. 

The object-glass used in this investigation should be Zeiss, C or D ; 
Harinack, 6 ; or BeicJieii, 7. 

The estimation of the total numl)er of corpuscles is conducted as 
follows : — If the blood in the tube reached to the point 0.5, its propor- 
tion in the mixed solution will be i : 200; if to the point i.o, 1 : 100. 
Multiply the number of corpuscles counted in all the squares by 4000 
{touis ^^8 t^® cubic contents overlying a square), and the result by 
100 or 200, according to the degree of dilution. Then divide the pro- 
duct by the number of squares taken, and the result gives the number 
of blood-corpuscles contained in a cubic millimetre of blood. 

To estimate the numl:)er of irhite corpuscles in a specimen of blood, 
Thoma*^ dilutes the latter with water containing one-third per cent, 
glacial acetic acid in the proiX)rtion of i : 10. In this way the red cor- 
puscles are destroyed, and the white alone remain in the field of vision. 
In mixing the fluids, the same observer employs a mixing-glass speci- 
ally devised ])y Zeiss for the purpose. The process may also be carried 
out thus ; — By means of a pii)ette of i cc. contents, and accurately 
graduated in o.i cc. units, 0.9 cc. of the acetic acid solution is measured 
out into a watch-glass ; with another pipette holding exactly o. i cc, the 
blood is added to this and the two well mixed. A drop of the mixture 
is placed within the counting-chamber of the cytometer prepared as 
before ; and now, since the number of corpuscles is relatively fewer, 
the entire field, and not its marked-out divisions, is taken as the basis of 
calculation, greater accumcy being so obtained. To the same end, a 
lower power will be used, so as just to bring the marks in the floor of 
the chamber clearly into view. Before l)eginning to count the corpus- 
cles, however, it will l>e well to focus with the fine adjustment of the 
microscope, and to make sure thai the cells have all settled. 

Tlie cubic contents of that i>art of the chaml>er which cori*esj>onds 
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to the field of vision can be ascertained in the following way : — The . 

divisions of the chamber which appear in the field are first counted. 

Each of these measures -^j^ mm. across (v. itupra : the area = j^^ mm. 2, 

the cubic contents = ^ ^ xio i^iii-^)- The diameter of the field, therefore, 

is ^Q mm. multiplied by the number of divisions which it contains. 

Thus, for instance, if ten of the divisions arc seen, the diameter of the 

field = 10 X Jj^ mm. or ^§, and the radius = Jg mm. The area of the 

field, therefore = cr (jj)^ mm. 2, and if the chamber is 0.100 mm. in depth, 

its cubic contents = o. i x (|§)- ^ cubic mm. Hence we obtain the 

following formula : * — 

loxZ 

where M = the number of divisions under the microscope, Z = the 
number of cells counted, Q = the cubic contents of the field (Q = o. i cr 
R2, where R = the radius of the field in mm.), and where the blood is 
diluted in the proportion of i : 10. The formula will give us the number 
of cells contained in a cubic millimetre of undiluted blood. Where the 
degree of dilution is i in 10, and where, as is usually convenient, 16 
squares are taken, from the general formula results the following : — 

10,000 xZ 
314 ' 
or, if the degree of dilution be i in 20, the squares 16 — 

20,000 X Z 
314 
i.e., the number of white corpuscles in 16 squares (Z) multiplied by 
10,000 for the I in 10 solution, ])y 20,000 for the i in 20 solution, and 
divided by 314, gives the number of white corpuscles in a cubic milli- 
metre of blood. 

When there is a very great increase in the number of leucocytes, as 
in leukaemia, their number can be estimated in the same manner as that 
of the red corpuscles, and the relative proportion of the two can l>e de- 
termined at the siime time with sufficient accuracy, if only an adequate 
number of squares is taken into account. Gre^t assistance in such 
exi>eriments may be derived from the use of a 3 per cent, salt solution 
coloured with gentian violet, in which the leucocytes are stained, and 
become readily discernible from the red l)lood-corpuscles, which are 
usually somewhat paler than normal. Toison^^ employs for the pur- 
2)ose a staining fluid of the foUowhig composition : — 

Distilled water 160 cc. 

Glycerine 30 cc. 

Sulphate of soda 8 grms. 

Chloride of sodium i grra. 

Methyl-violet 0.025 grm. 

* IT = 3.1416. mm.* = square millimetre, mm.' = cubic millimetre. 
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/For tlie same purpose, Mayd*'- recommends that the blood be miset! 
with peroamic acid, glycerine, and water, which is eaid to confer upon 
the coloured blood-corpuscles a beautiful red tint, whilst the white cor- 
puscles remain iinaffeeted by it. 

[(6.) OoweTB' Hamacytomaler.*— This instramoDt is ibe most commonly naed 
for clinical purposes in this country, " The hasmacjlometer (fig. 6) consifils of ; 
(I.) Asmallpipette,whicb, when filled to the niBtk on its stem, holds exactly 995 
cubic millimetres. It is furnished with an india-rubber tube and mouth-piece to 
facilitate Hlliiig and etnptjing. (2.) A capillary tube niarked to contuin exactly 
5 cubic millimetres, with india-rubber tube for filling, &c. (J.) A &mall gla^s jar in 
which the dilution is made. (4.] A glass stirrer for mixing the blood and solution 
in the glass jor-t (5,) A brass stoge-plat*, carrying a glass slip, ou which is a cell 




Fio. £.— Quven' Apiitratiu. A, plptlt* lor miuurlDg Uia dtlnling (oluljan 1 B, cnpiUur tube 
(or meuiulDg the blood : L'. coll* villi dlvlilou on ths floor, iiHiuntwl on > lUda : It, 
fCnd Is Kbicli the dllatfan !• nude ; E, glnia itirrsr ; F, (uuded •polr-i'olnted neodli. 

} of a millimetre deep. The bottom of this is divided into ,■, DulUmctre rqaares. 
Upon the ftjp of the cell rests the cover-glass, which is kept in its place by the 
prei^utc a(<.t*fO springs proceeding from tbe ends of the stage -plate.'' 

The nietwd of «mplo;io); the instrument is as follows: — The diluting wilatjou 
Qied is II ^ntioo of sodicsiilpbatc In distilled water,sp.gr. lozj, or the following; — 



• Fortht.; 
•' PhjiiQlcgy. 

It In pnw 
not cw; lu obtain uae picciiely 



deicription and figure we ue indebted tu Landaii and Stniiny't 

i. p. J. Fourth edition. 

Tor in apt to kriair from varintiun id the depth of the celt, and it is 
AumntiDg that thu uune instrument is iliirBj* 
tusd by thu obwrrar, thii is but corrrcteil by uccrtaiainK the true depth and bUow. 
ing for llie crTDc in mixing the «otiitinn. Suppow, for initance, the cell is faond to 
have a depth of ijo >i initead of 100 fi, ; part* u[ blood shoold be adiled Ui 915, of 
Ibe diluting fluid, inatcad of 1093;. The reealta m> obtuncd wiU be abgolntely aocD- 



14 THE BLOOD. 

Sodic sulphate, 104 grains ; acetic acid, i drachm ; distilled water, 4 oz. "995 
cubic millimetres of the solution arc placed in the mixing jar ; 5 cubic millimetres 
of blood are drawn into the capillary tube from the puncture in the finger and 
then blown into the solution. The two fluids are well mixed by rotating the 
stirrer between the thumb and finger, and a small drop of this dilution is placed 
in the centre of the cell, the covering-glass gently put upon the cell, and secured 
by the two springs, and the plate placed upon the stage of the microscope. The 
lens is then focnssed for the squares. In a few minutes the corpuscles have sunk 
to the bottom of the cell, and are seen at rest on the squares. The number in ten 
squares is then coimted, and this, multiplied by 10,000, gives the number in a 
cubic millimetre of blood." *•*] 

To estimate the coLOtJRLESS corpuscles only, mix the blood with ten parts of a 5 
per cent, solution of acetic acid, which destroys all the red corpuscles [Tfuyma], 

The instruments of BizzozerOy v, Fleischl, Henocque, and Gowera^ in- 
volve the second 2)rinciple to which allusion has been made, viz., the 
estimation of the quantity of haemoglobin in the blood. 

Hedin's ^^ instrument for measuring corj)U8cles in bulk (see p. 40) is 
applicable to the same purpose. 

Finally, mention must be made of v. Limbeck's ^' researches on the subject of 
the resistance of the red corpuscles and the isotonic property of blood serum, 
since they may find a practical application by-and-by. The same potential 
importance attaches to Laker's^ observations on the resistance of the blood- 
corpuscles. 

(c.) Bizzozero's Chromo-Osrtometer [According to Bizzozero *^ a know- 
ledge of the number of coloured blood-corpuscles is of less practical 
value than to know the quantity of haemoglobin, and, as a matter of 
fact, the amount of the latter is not necessarily in direct proportion to 
the number of the former. For the purpose of estimating the amount 
of hiemoglobin Bizzozero has invented a small, practical, and handy 
instrument, which he calls a chromo-cytometei'^'^ (fig. 7). 

By means of this instrument we can estimate the amount of haemo- 
globin in the blood, and it can be used either as a cytometer or as a 
chromometer. In both cases it is essentially an expedient for varying 
the thickness of a stratum of blood. 

To use it as a cytometer, the blood is mixed with a definite volume 
(1:50) of an indiflferent solution, e.</., normal saline solution (0.75 
gramme of sodic chloride in 100 qc. water), so that the corpuscles 
remain intact in the fluid. The quantity of haemoglobin is estimated by 
the thickness of a layer of fluid through which one in a dark room can 
-distmctly see the edges of a candle-flame placed at a distance of i J metres 
from the instrument. 

In using the instrument as a chromometer, the blood is mixed with 
a known volume of water, which dissolves out the haemoglobin from 
the corpuscles. The amount of haemoglobin is then calculated from the 
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thickness of the layer of this mixture, which yields a colour exactly 
equal in intensity to that of a red-coloured glass supplied with the 
instrument 

The chief part of the instrument consists of two tubes (ab, cd), work- 
ing one within the other, and closed at the same end by glass discs 
(figs. 7 and 8), while the other ends are open. The one tube can be 
completely screwed into the other, so that both glasses touch. Con- 
nected ^vith the outer tube is a small open reservoir (r), from which fluid 
can pass into the variable space between the two glass plates at the 
ends of the tubes. By rotating the inner tube, the space between the 
two glass plates can be increased or diminished, on the principle of 
Hermann's haematoscope, and the screw is so graduated as to indicate 
the distance between the two plates, i.e., the thickness of the layer of fluid 
between them. Each complete turn of the screw = 0.5 mm., and the subdi- 
visions on it are so marked — 25 to one turn (index, fig. 7, cd) — that each 

subdivision of the index = -^ = 0.02 mm. When the inner tube is 

25 
screwed homo and touches the glass disc in the outer tube, the index 

stands at o on the scale. If the instrument is to be used merely as a 
cytometer, these parts suffice; but if it is to serve as a chromometer, 
the coloured glass is needed also. The instrument is also provided with 
small glass thimbles with flat bottoms, containing 2 and 4 cc. respec- 
tively ; a pipette graduated to hold J and i cc, and another pipette for 
10 and 20 cmm., the latter provided with an india-rubber tube, to enable 
the fluid to be sucked up readily ; a bottle to hold the saline solution, 
and a glass stirrer. 

Method of Using the Instrument as a Cytoineter, — i. By means of the 
pipette place .5 cc. of normal saline solution in a glass thimble. 

2. With a lancet or needle puncture the skin of the finger at the edge 
of the nail. 

3. With the pipette suck up exactly 10 cmm. of blood, observing the 
precautions already indicated at p. 8. Mix this blood with the .5 cc. saline 
solution, and suck part of the latter several times into the capillary tube, 
so as to remove every trace of blood from the pipette. Mix the fluids 
thoroughly. Carefully cleanse the pipette with water. 

4. Pour the mixture into the reservoir (r) of the instrument. Gradually 
rotate the inner tube, and as the two glass discs separate, the fluid 
passes into the space between them. 

5. In a dark room light a stearin candle, place it at a distance of i J 
metres, and, taking the instrument in the left hand, bring the open end 
of the tubes to the right eye. With the right hand rotate the inner 
tube to vary the thickness of the column of fluid, and so adjust it until 
the outlines of the upper three-fourths of the flame can be distinctly seen 
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tlirough tlie stratum of fluid. Vary the position of the inner screw so 
as to determine accurately when this occurs. ' Read off on the scale the 
thickness of the stratum of fluid. 

GradtLoiion of the Inshiimejii as a Cytometei'. — In this instrument 
the graduation is obtained from tlie thickness of tlie layer of blood 
itself, and the amount of haemoglobin is calculated directly from the 
thickness of the layer of blood which is necessary to obtain a certain 
optical effect, viz., through the layer of blood-corpuscles to see the out- 
lines of a candle-flame placed at a certain distance. 

From a number of investigations it appears that in healthy blood the 
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Fio. 7.— Goucral view of the iustnuncnt. 06 and 
ed. Two tubes, the one fits inside the other ; r. 
Reservoir communicating with the spice be- 
tween e and 6 wlien cU is screwed into ab : 
er. Hilled Iioad. and index-scale to tlie left of 
it ; jf for ast of fig. 9 ; ,u. Handle. 



Fio. 8.— Showing how cd fits Into ab. z and 
y. Plates of glitss cl<«ing the ends of ab and 
cd ; other lottei s as in ng. 7. 



outlines of the flam(» of a candle are distinctly seen through a layer of 



the mixture of blood mm. in thickness. 

100 

Let the number no correspond to i, or, better still, loo parts of 
haemoglobin ; then it is easy to calculate the relative value of the sub- 
divisions of the scale on the tube of the instrument. Let g = the 
degree of the scale for normal blood ; g', that for the blood being inves- 
tigated; e, amount of liaBmoglobin in the former; and f^\ the amount 
sought for in the latter. 

Assuming that the product of the quantity of haemoglobin and the 
thickness of the stratum of blood is constant, so that 



Then 
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Let us ussuinc Uiat the blood investigated gave the number 180; 
then, using the alMve data : — 



The blood, therefore, contains 61. i h»moglobin. The following table 
gives the proportion of htemoglobin, the nonnal amount of heemoglobin 
being taken as = 100 ; — 



// the instrument Jie used as a chromometer, the blood is mixed with a 
knovrii volume of water, whereby the hiemoglobin is dissolved out of 
the red coqmatles and the fluid Incomes transparent. The quantity 
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of litemoglohiii is calculated from the thickness of the stratum of fluid 
required to correspond exactly t« the coloiir-intensity of a tinted ghiss 
wliich is attache<l to the instrument. Tlie colour-intensity of the glass 
is tliat of a deflntte .solution of hsemoglobtu (tig. 9,/). 

To use the Instniment as a Ohromometer. — i. Phice the coloured glaae 
with its brass fnimc in the instrument (ant of fig. 9 in .'/ of fig. 7). 

2. With the necessary precautions <p. 10) mix 10 cnau, blood with 
•5 cc. distilled water, whereby in a few seconds a transparent solution 
of hsmoglobin is obtained. 

3. Pour this solution into the reservoir (r), and rotate the inner tulm 
so that the fluid passes between the two glasses. Direct the instrument 
towards a whit<; light or the sky, not towards the sun, nnd comiwre the 
colour of the solution with the standard coloured glass, a proceeding 
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which is facilitated by placing a milky glass between the source of light 
and the layer of blood so as to obtain diflfiiee white light. "VVlien the 
two colours appear to have iis nearly as possible the same intensity, read 
off on the scale tlie thickness of the layer of blood, and from this by 
means of the accomiMinying table ascertain the corresponding amount of 
haemoglobin. 

This is done in the same way as for the cytometer, but the graduation 
is diiferent, as in the one case we have to do witli a candle-flame, and 
in the otlier with a coloured glass. 

In very pronounced case^ of anaemia, even with a layer of blood 6 mm. 
in thickness — the limit for which tlie instrument is constructed — the 
intensity of the mixture of blood may be less than that of the coloured 
glass. In such a case, instead of lo cmm. of blood, use 20 cmm. 

Graduation of the Chromometer, — As the coloured glass has not abso- 
lutely the same intensity of colour in all chromometers, one must first 
of all estimate the colour-intensity of the glass itself. This is most 
easily done by ascertaining in a given 8i)ecimen of blood what degree 
of the chromometer corresj)onds''to the scale of the cytometer of the 
same blood. 

Suppose that a si)ecimen of blood by means of the cytometer gave 1 10,. 
and by the chromometer 140 ; the number 110 of the cytometer =100 
haemoglobin, so that the chromometer number 140 must also be = 100. 
With the aid of the formula (p. 16) a similar table can be constructed 
for the chromometer. Suppose the blood investigated = 280 ; then by 
the aid of the formula and the datii from normal ])lood : — 

, _ 10 0. 140 _ 14.000 _ 
280 280 ^ * 

This blood, therefore, contains 50 parts of haemoglobin. 

Example. — Blood gives 130 with the cytometer and 190 with the 
eliromometer ; what is the initial number of the chromometer gradua- 
tion corresponding to 1 00 parts of haemoglobin ? 

If 130 (cytometer) corresiK)nds to 190 (chromometer), then no cyto- 
meter (?.e., graduation corresponding to 100 parts of haemoglobin) corre- 
sponds to X chromometer graduation : 

i30:i90=iio:x.-.x = ^-9?-"o=20,900^jg 

130 130 

Blood containing 100 parts haemoglobin will correspond to 160 of the 
chromometer scale, and begiiming with this number as a basis, with the 
aid of our formula it is easy to construct a table showing the relation. 

Whilst the value of the cytomet(»r scale remains the same for every 
instrument, the chromometer scale varies with each instnmient, as the 
colour-intensity of the glass is not necessarily the Siime in all. But 
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it is easy to construct a scale for each instrument by investigating a 
specimen of blood and comparing it with the cytometer graduation as 
indicated in the foregoing paragraph. 

Precautions to he Observed in Using the Insbmment. — In using the 
instrument certain precautions must be observed. The exact quantity 
of the several fluids must be carefully measured ; evaporation must be 
prevented by covering the blood-mixture. Further, do not look at the 
fluid too long at a time, as the eye becomes rapidly fatigued. 

In cases of leukaemia, where there is a large number of white cor- 
puscles rendering the mixed fluid opaque, the corpuscles may be made 
to disappear by adding a drop of very dilute caustic potash. If the 
opacity does not disappear by the addition of this substance, then tlie 
opacity is due to the presence of fatty granules in the blood, so that ])y 
this means we can distinguish lipsemia from leukaemia. 

Further, the operation must be airried out not too slowly, as Ww 
saline solution only retards tlie coagulation of tlie blood, and does not 
arrest it. 

Bizzozero claims that when the instrument is used as a cytometer 
the mean error is not greater than 0.3 per cent] * 

Sadler,^ working in the author\s clinic, has found that Bizzozero's 
instrument gives very accurate re^idts. 

{(I.) Von Fleischl's Hamometer.t — The application of this instru- 
ment (fig. 11) depends ujxon the principle that the colour of the blood 
diluted with water may be compared with that of a glass wedge tinted 
with Cassius's golden-purple, or some such pigment. 

Its essential part is the red glass wedge, which is mounted movably 
l)eneath a platform like that of a microscope, with a circidar opening in 
its centre. tJpon this the light from a gas or oil lamp (daylight is 
not admissible) is projected by a plate of plaster of Paris. Above tin- 
wedge, and exactly over the circular opening in the platform, is fixed a 
metalHc tube ij cm. long, closed at the bottom with a plate of glass 
and divided by a vertical metallic partition, so that one half of thr 
metallic tube receives its light through the red glass wedge, the other 
directly from the white reflector. When the apparatus is in use, the 
former of these comi)artments is filled with pure water, the other with 
water mixed with a known quantity of blood. 

To secure this known quantity, von Fleischl has designed an auto- 
matic blofxl pipette of such a capacity that, when healthy blood is used, 
the resulting mixture eorresiHnnls in colour to that derived from the 
part of the red glass wedge which is marked 100. From this ix)int to 

* The instrument may be obtained from F. Koristka, \'ia Circo, 14, Milan, ami 
costs thirty-five lirei«. 

+ Yon FleischVs iustrument is made by Jicichert t)f Vienna, and told for 35 fiorius. 
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iU shni'p edge (wLcic o staiuls), the wedge la griuluated in teii 
which represent ite diininishing tiiicknesa^ the Nos. 90, 80, < 
marked on the apparatus. 

The inBtrument is employed tlms :— Tlie blood ii obtained from a 
]>uncture in tlie finger, nud placed liy meauB of the pipette in the proper 
compartment of tlie tnl)e. Both compartments are then filled witli 
wator, and the red glass wedge is moved until the two fluids show an 
equal intensity of red colour. The number indicated on the scale is then 
read off. Suppose this sliotUd be So, — then the blood examined con- 




tains but a^ J.. . .. \.i. ..| ilu! normal ]>roportiou of liasmwglobin, or the 
quantity of h£em<^lobin is ti} that of healthy blood as 80 ; 100. Ifow, 
n!*suniing that in a healthy man 14 grms.* may be taken iia the amount 
of liKmogloljin in 100 j;rms. of blood, we can cnlciUate the latter aljso- 
lutely for the speciiueu examined by means of the formula : 



* /. G. Otto «tat(» the n 
by Hinacqve elaewbere) u ■ 



iTnial quantity at 13.77 P"'' cent. M is taken here {aa 
limpler eiprewion for tbe purpoees of the calcoUtian, 
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Where 
X = the quantity of htemoglobiii hi loo gTDis of blood ; 
R = tlie figure obtained iritli von Fleischl'a apparatus to cxi)res9 tlin 

relative proportion of liiemoglobiii in the blood ; and 
I4 = the normal quantity of litemoglobin in the blood of a healthy 
adiilt.* 

Although it must be conceded that tlie results obtained with this 
instrument are not absolutely correct, it still supplies a simple and 
ready means of estimating the hienioglobin in the blood, and has the 
further advantage that it needs but little of the latter to work ujion. 
It has proved a useful adjunct to the Thoma-Zeiss apparatus, or that 
of Gowere, in the investigation of changes in tlie blood for clinical 
purposes.*' 

(e.) ffinocane'B Hmnatoscope.'- — This instrument lias the advantn<.'e 
over others eniployeil for a similar purpose, that while comparatively 




little flui<l is needed for its apjilicatton, this consists of pure blooil 
undilute<l with artificial serums. 

It consists essentially of two glass i)liites sujierimiwsed in aiich u 
manner aa to enclose a prismatic capillary s]>ace. The inferior of thece 
plates is the broailer. Upon tlie up[)er [lart of its surface js engraved 
a millimetre scale, o to 60, n-adiug from left to right, and at eitlier 
extremity it carrier a cap of nickelled metal, in which is a groove for 
the reception of one end of the smaller (upper) ]>late. Tliese grooves 
are so ]ilace<l that whilst the plates are in iinnie<Iiate contact at one end, 
that oi>pogite o of the scale, they are sejiarated at tlie other by an in- 
terval of 0.3 mm. The smaller plate can l)e made to slide in the grooves 
under gentle pressure, and can thus be removeil for the pnri>08e of clean- 

* This number ii choa*n here BO M tonfford abuis of ciimpnriBon between the results 
obtained with v. Fleischl's instnimcnt nnd thtiao with Hi5nocque'i<, wliich will be 
ildcribed preHrntly. 
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ing the instrument. From the above description it will Idc seen that a 
layer of blood introduced within the capillary chamber has a thickness 
varying uniformly from o on the left to 0.3 mm. under the mark 60 
on the graduated scale ; and it also follows that its depth increases by 
0.005 "^^- ^^^ every mm. distance towards the right. Thus its depth 
at any point may be known by multiplying the corresponding figure on 
the scale by five, when the result is expressed in thousands of a milli- 
metre or micron. 

The prismatic chamber is filled with blood obtained by pricking the 
finger, and this is done best by bringing the lower lamina on a level 
with the puncture and permitting the issuing drops to flow uix)n it at a 
gentle decline. The blood will then arrange itself in an even layer, and 
if its continuity be interrupted by emi)ty spaces or air-bubbles, these can 
be extruded by slightly tapping the glass wall with the finger-naiL Six 
drops generally suffice. The edges of the instrument, when filled, arc 
wii>ed clean, and the examination may be begun. 

This is conducted in two difierent ways : — 

(a.) The first (procrde diaphanoinetriqtie), the readier and simpler, has 
for its object to estimate the relative opacity of the blood, and so to infer 
the pro])ortion of haemoglobin which it contains. 

For this puri)Ose there is supplied with the haematoscope a plate of 
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Fig. 14. — Enamelled Plate belonging to the Haematoscope. 

white enamelled metal, bearing on its upper part a millimetre scale pre- 
cisely similar to that engraved upon the lower of the two glass plates, 
and l)elow a descending series of figures, of which the first underlies the 
8 mm. mark above. Then follow at constantly diminishing intervals the 
figures 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4. The markings upon this 
plate are traced throughout in black. WTien in use, it is i>laced behind 
the haematoscope filled with blood, and held there in such a position 
that like markings upon the millimetre scales accurately correspond. 
It is evident that the ix)rtion of the blood layer which is thinner, and 
therefore less deeply coloured, will be transparent, and will sufl*er the 
marks beneath to be visible, while these disappear towards the thicker 
end. The examination consists in noting the jwint at which the figures 
(15-4) in the lower series cease to be visible ; and it is clear that this 
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point will be attained tlie sooner according as the blood is riclier in 
hemoglobin. 

Further, Ilenocqne has arranged the series so that the second figure 
(14) expresses in grms. the quantity of oxy haemoglobin in 100 gnus, of 
blood, and this figure terminates the series as seen through a layer of 
blood of normal constitution. With blood tjiken from a case of anaemia, 
on the other hand, the figure 8 or 7 may ]ye legible, and this implies 
that such blood contains in 100 grms. only 8 or 7 grms. of oxyhaemo- 
globin. Finally, the thickness of the stratum of blood at the j)oint of 
requisite opacity may be ascertained from the mm. scale in the manner 
already indicated.* 

Hellstrom, Ijyos,^'^ and the author have satisfied themselves that the 
results obtained in this way are not to l^e relied upon, and that the 
figures generally indicate too high a proportion of oxy haemoglobin. 

(^.) In the second and more accurate mode of using the haematoscoj)e 
the enamelled plate is dispensed with, and a Browning's spectroscope is 
required. Tlie instrument, filled with blood as l)efore, is placed opposite 
the cleft of the spectroscope, and the point is observed at which tlie 
characteristic spectrum of oxyhaemoglobin is first distinctly formed, — 
when the corresponding point on the millimetre scale of the glass plate 
is read off. The less haemoglobin in the blood, the thicker must b3 the 
layer from which a si>ectrum is obtained. In order to secure a correct 
reading from the sciile, it is well to place the apparatus liolding a stratum 
of blood upon a sheet of white pajx^r against a window so as to examine 
it by bright and diffused daylight, and then directing the spectroscope 
over I or 2 cm. of its surface, the observer should several times judge 
for himself concerning the i)oint of earliest definition of the si)ectrum. 
Of the numb(»rs obtained in this way (which will usually differ by an 
amount expressing only two or three millimetres) the mean is taken, 
and employed for the purpose of the calculation. It must be allowed 
that the conclusion in this respect is always somewhat arl)itrary, and 
leaves room for a difference of opinion as to wh(»n precisely the sj)ectrum 
is fonned ; but once the eye has l)ecome accustomed to look for a certain 
clearness in the outline of the bands, it seeks for and easily ai)preciates 
it in every instance.! 

From the reading on the scale at the jwint where the si)ectrum is 

* [Hduocque's bscmatoscope may be obtained from M. Lutz, 82 Boulevard Saint- 
(termain, Paris. The price is 12 francs, and the enamelled plate costs 5 francs 
additional. — (Ei).^] 

t [This difficulty may be further obviated by the use of Hdnocque*s double 
spectroscope, by means of which two persons are enabled to make the observation 
at once. For a description of this instrument the reader is referred to the original 
communication, " L'Hdmato-spectroscope." Compt. Rend., Soc. de Biologie, October 
1886.] 
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thus seen, the thickness of the blood stratum, and the quantity of 
oxyhcemoglobin in a known quantity of blood, can be readily deter- 
mined. In the ca.^e of normal blood, which contains 14 grms. of oxy- 
haemoglobin in 100 grms. of the fluid, the absorption-bands are plainly 
visible in the situation of the figure 14 on the mm. scale ; and from what 
has been already said it follows that the thickness of the blood stratum 
at this point is 14 x 0.005 mm. = 0.07 mm. Let it be assumed now that 
in a given case the bands just become distinctly evident at a point cor- 
responding to the division 20 on the index ; then the thickness of the 
layer which yields them is 20 x 0.005 =o-i t^^^- From these data the 
quantity of oxy haemoglobin in 100 grms. of the blood may be calculated 
by the following equation : — 

X : 14 = 0.07 : 0.005.^ 

14 X 0.07 
x=^ — . 



c.oosy 
In this formula : 

X = the quantity of oxyhaemoglobin sought. 

14 =tlie quantity of oxyhaemoglobin in 100 grms. of healthy blood. 

0.07 = the thickness of the blood stratum, which will make the absorp- 
tion-bands plainly evident where the blood, as in normal blood, holds 
14 grms. oxyhsemoglobin in 100 grms. of the fluid. 

0.005 = the thickness of blood stratum corresponding to i mm. 

y = the number of mm. read ott' at the point where the absorption-bands 
become distinctly visil)le. From this results the simi)le expression : 

_i4xo.o7_ 196 
~ 0.005.?/" y ■ 

In the example (chosen : 

y=2o.'. 20 = 9-8, 

/.e., the blood investigated contained 9.8 grms. of hsemoglobin in 
100 grms. 

To obviate the necessity for making the calculation afresh in each 
case llenocque has compiled a table from which the quantity of haemo- 
globin may be deduced directly from the dei)th of the blood stratum. 

Comparisons which the author has instituted between the results 
arrived at in this way with others derived by means of v. Fleischl's ap- 
paratus, have shown that the two are sufficiently in accord. Henscheriy^ 
however, is of opinion that the latter are more accurate, and accounts 
for this by pointing out that they are obtained from oxyhaemoglobin, 
whereas with Hcinocque's haematostiope that body is still within the cells. 

The preference will usually be given to v. FleischVs apparatus, because 
of the greater quantity of blood needed for the application of Henocque*s 
haematoscope ; but the latter is especially suitable for the observation 
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of siicli changes in the blood as the formation of methsemoglobin, <fec., 
which can be recognised by si)ectrum-analy8i8. To detect sucli changes^ 
H^nocque has applied it in a very ingenious manner. He observed the 
development of oxyhsemoglobin-bands in transparent jiarts, such as the 
lobe of the ear and the ungual phalanges of the finger, capable of being 
illuminated by diffuse sunlight.* Then, in the case of the ungual 
phalanx, the part was ligatured, and he noted the length of time required 
for the appearance of the broad absorption-band of reduced haemoglobin. 
Proceeding in this way, he found that with a normal proportion of oxy- 
haemoglobin, reduction took place in the course of 70 seconds, while 
with anaemic blood the interval was shortened to 30-40 seconds. 

As a result of his researches, H^nocquc has arrived at the following formula, 
which is applicable to clinical purposes : 

where 

E = the energy of reduction ; 

M = the mean proportion of haemoglobin ascertained by his method ; 

D = the time in seconds in which reduction is accomplished."" 

The formula is derived from the following considerations : — In a specimen of 
blood holding 14 grms. oxy haemoglobin in 100 grms., reduction takes place in 70 
seconds, and in another holding 13 grms. in 100, it takes place in 65 seconds. 
Inspection of the ligures shows that in both cases a fifth part of the quantity 
of oxyhaemoglobin (in 100 grins.) is reduced. Hence, to obtain the value of E 
(energy of reduction), the quantity of oxyhaemoglobin found is multiplied by 5, 
and the product divided by the number expressing the time (in seconds) in which 
reduction takes place. Experiments are now in progress under the author's 
supervision which have for their object to ascertain how far this method of in- 
vestigation may be of use in diagnosis. The apparatus may be employed also 
for the examination of milk, in the sjiectnim-analysis of urine and morbid fluids, 
and for the aniline dyes of so much consequence in staining processes. It seems 
to merit a dascription here on account of its extended utility ; and in any case, 
in connection with the spectroscopic examination of the blood, it must be classed 
with the apparatus of Thoma-Zeiss, Gowers, and v. Fleischl as a valuable addi- 
tion to our resources. 

(/.) Hedin's Hsematocrite.''^' — This instrument is of great value. 
It enables one readily to estimate the volume of the red blood-corpuscles. 
Its parts are : (1.) A capillary tube for measuring and mixing the blood. 
Hedin uses a special contrivance for this purpose, but the mixing-glass 
noticed on p. 11 for counting leucocytes serves equally well. To prevent 
coagulation Hediu sucks Mliller's fluid into the tube and then blood in 
equal quantities. These are then expelled into a small platinum dish 
and well mixed. Dalawl,^' in the author's clinic, has found that a 2.5 
per cent, solution of bichromate of |>otasli answers best. 

* [In researches of tliis character the double spectroscope is specially recommended 
by I/t'nocffUf.] 
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(2.) Two glass tubes, 35 mm. long, with u lumen 1 mm. in diameter 
and graduated into 50 parts. 

{3.) A metallic frame, terminating at either side in an angle to sui)- 
])OTt a small cylindrical recess, of the same diamet«r as tlie tubes (2.), 
4md covered with a caoutchouc disc. From the middle of this metallic 
frame there jirojecta downwards a hollow metal cylinder, by means of 
which it can be made to rotate on a vertical axis (fig. 15). Connected 
with tlie central cylinder are two metallic springs, placed opposite each 
other, and carrying each at their iip]>cr ends, on a level with the n 




mentioned above, a caoutchouc cup. Between the recess and this 
caoutchouc cap on either side is placed one oT the glass tubes wliich has 
previously been filled with the mixture of blood and MUller's fliiid 
(or bichromate solution). In this jxisition the tiibes are closed by the 
caoutchouc ca]), which is held against them by the pressure of the springs. 

(4.) A vertical support which can lie made to rotate. 

The instrum&it is used thus : With Heiltn's capillary tube, or the 
mixer for estimating leucocytes, a mixture is made of blood and a 2.5 
l>cr cent solution of bichromate of jtotash, and with this the tutjes are 
filled by plunging one end in the fluid, which is then drawn into the 
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tube by the mouth applied to a piece of india-rubber tubing attached to 
the other end. The tubes being filled in this way are placed in position 
in the frame — the extremity towards the recess of the frame being first 
adjusted, and the caoutchouc caps of the springs being then made to 
press on the other extremity. The frame is then attached by its 
vertical cylinder to the body of the instrument and made to rotate 
rapidly. The red corpuscles, in virtue of the centrifugal action, sepa- 
rate from the leucocytes and serum. After 50-70 seconds (where the 
bichix)mate solution is used) the volume of the layer of red corpuscles 
remains constant. The contents of tlie tubes are then arranged in three 
l)arts ; at the distal end are collected the red corpuscles, forming a 
<lense dark-coloured mass ; next in order a small turbid band, con- 
sisting of leucocytes, and in health of a whitish colour ; finally, the clear 
serum, which is coloured a bright yellow by Miiller*s fluid. To guard 
against error, a sheet of white paper is placed behind the tubes, and the 
volume of the red corpuscles is read oif on the scale. The corresponding 
number multiplied by four gives the volume of red coqniscles in one 
hundred parts of blood, as will appear from the following considerations. 
The volume of red corpuscles as read upon the scale is that contained in 
a mixture of equal ])arts of blood and bichromate solution, forming a 
column 35 mm. long and divided into 50 equal parts. The proportion 
of corpuscles in pure blocxl would be twice as great, and in 100 parts 
(instead of 50) again twice as great ; therefore the i)ercentage bulk may 
be expressed by the figure read off" the scale multiplied by 4. 

The description given here applies to an instrament furnished by Saidling 
Sandstriim of Lund, in Sweden, and differs somewhat from that published by 
J/cdin himself. 

This method is very serviceable in discriminating l)etween tlie various 
diseases which affect the blood, and it may be used in part to replace the 
more difficult processes for counting the corpuscles. It may be substi- 
tuted for these in conditions where the relative bulk of the red corpuscles 
tlepends only upon their number, and not also (as in many diseases, e.g., 
l)ernicious anaemia) upon their size. As to how far the results obtained 
in this way tally with those arrived at l)y counting, and under what 
circumstances the one method may supersede the other, the reader 
should consult DdlamVs notice. In the same way it is |>ossil)le to 
estimate approximately the relative proportion of red corpuscles and 
leucocytes, as, for instance, in certain cases of ixjrsistent leucocytosis. 
Observations made within the last year, in three cases of leukaemia, 
have satisfied the author that the method suffices to determine the 
defective state of the blood in that disease. Further, it can be applied 
to the purpose of studying the leucocytes in the blood, and for the 
detection of micro-organisms therein.'^ 
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2. LeuCOCytOSiS. — By this tenn is meant a condition in wliich the 
number of white corpuscles in the blood is temporarily much increased. 
Such an increase occurs in health as part of the process of digestion. ^^ 
One to two hours after the principal meal the white corpuscles are 
found in the blood in the proportion of i : 150 or even i : 100 of red 
corpuscles, diminishing soon after to i : 350 or 600, or, according to 
Grdher,^^ between i : 521 and 821. A great number of observations, 
conducted in the author's clinic, give the proportion to leucocytes of red 
corpuscles as i : 500-800^^ in healthy adults. Beinecke's^^ figures are 
I : 720.^^ In new-born children the condition is different (Schiff).^* 
In the first three days of life the number of white corpuscles is very 
great, and after that they diminish, as also do the red corpuscles, till the 
proportion is i : t88 — i : 168. Much greater degrees of leucocytosis, 
which for the most part is transitory, are found in disease. Virchow ^^ 
maintains that every affection in which the lymphatic glands are involved 
leads to this condition. It invariably accompanies croupous pneumonia 
(Tumas).^^ The author has never failed to find it in the croupous 
pneumonia of children. V, Limbeck and Pick confirm this. The former 
observes that it always follows exudation processes, and he proposes to 
give tliis form the name of inflanmiatory leucocytosis. [ F. Jaksch ^" has 
quite lately observed that the prognosis in cases of acute pneumonia 
running its course without an increase in the number of white blood 
cells is very unfavourable.] Leucocytosis does not ari?e from typhoid 
(v. Limheck),^^ but may occur in its course. When it does so, it seems 
to point to a complication with some suppurative disorder (Saciler).^^^ 
The condition occurs in connection with certain tumours, — sarcoma 
(Sadler) ^^ in pernicious ansemia and chlorosis, and regidarly in the 
reaction stage resulting from the injection of Koch's fluid."^ 

Leucocytosis can be readily diagnosed with a little practice by means 
of the microscope alone. For the more precise estimation of its degree 
the Thoma-Zeiss instalment may be used. It is necessary, above all 
things, that the blood examined should not be rich in digestion-pro- 
ducts, and on this account it should not be taken until some hours 
after a meal. It is important to be able to recognise a pathological leuco- 
cytosis. Its presence, taken in conjunction with the clinical symptoms, 
will often serve to clear up the diagnosis of diseases, — as, for instance, 
osteomyelitis, — wliich, without its light, would be very obscure. "^^ 

3. LeukSSmia. — This condition, when well marked, may be recog- 
nised from the naked-eye characters of the blood ( Virchow),'*'^ which, 
when allowed to flow from the finger, is light red in colour, and some- 
what turbid and greasy, as though loaded with fatty matter."^ 

The reaction of the blood is alkaline (Mosler),'^^ not acid, as was 
formerly thought, but its alkalinity is often considerably less thair 
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nonnal (c. JakKh). Jlicroacopical cx;iuiination shows au enormous 
iiicrense in the number of wliite cor|>u8cIe8 \J. H. Bennet(\. VircJtoie 
lias found them in the proi>ortion 2 : 3 of red corpuscles; /. Vogl, 1:3 
to I : 2 ; SchreiOer, 2 : 3.^* In five eases recently treated in Notlinagel's 
clinic, the proportion was i : 3, i :5, 1 :8, i : 1 1, i : 12 (Gottlieb). 

In a typical case of leukaemia observed by the author in a child of 
aix(«en months, the figures were, i =40, i :5o, and i : 18 ;'^ and, in two 
other cases they were respectively, 1 : 23, i : zo, i : 17, 1:12, i : 10, and 
1:5.7, 1:2.5. 

Another notable characteristic is the diminution of the cellular 
elements of the blood in general. In the cases recorded above, their 
number fell to 2-3 millions in the cubic millimetre of blood. By the 
last examination in tlie child of sixteen months it was shown to lie 
2,440,000.'* 

Tlie amount of hsemoglobin in the blood is usually diminished in 
leukiemia. In the case of the child recorded above it was shown by 
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V. Fleiscld's hwmometer to l»e 6.4 grma., and sunk with the progress of 
the disease to 3.7 grniii. In two other instances it was respectively 
4.9 — 5.6 grma. and i.s grm. 

It is important, further, to determine what is the prevalent character 
fif the leucocytes present in the blood. By observing this, the author 
lielieves, in spil« of Bizzozero'*"^ assertion to the contrary, that it is 
IKjssible to ascertain with what form of the disease we have to ileal. It 
is usual to distinguish leukamia as splenic, lymphatic, and myelogenic, 
according to the anatomical seat and clinical symptoms of the disease, 
although probably an instance of true myelo^nic leukieniia has not yet 
l>een observed.* [Tlie existence of a myelogenic leukiemia is not reeog- 

* SeTer&l year* agn, the author hod under obaervation id Professor Nothnagel'a 
clinic a case of nephritia in which the blood coattuneil leucocyte* of great *iie and 
ivitb unusually large nuclol, their proportion to th« red corpusclea {as detenaiued by 
a *ingle e.ianiinatian] being a* I '.50. The autopsy revealed, in addition tu chiunic 
nephritis, change* in the medulla uf the bone*, like those de*cribed by Ntumana in 
connection with leuksemia. 
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uised iiy llaijem.'* Guicem "^ left tin.' question I'liun, Sinfe lie vvrut^, 
11 lase of muloubU'il myelogeiue leulispniin has Imon described by Di: 
Wallaee B.all;/ ^ of Dublin.] 

When large and snuill leiieiicytea — tho latter preiwnderating— are 
found in the blooil, the leukeeinin is of a lympliatico-splenie charoctei'. 
Wlien, on the other hand, the larger rells alone ftre found, we are 
justified in concluding that the disease is opleniu, with but little in- 
volvement of the lymphatic glands or marrow. If many corijuscles of 
ii transitional form are found, nucleated red cells, and ospeeially large 
white multinuclear corpuscles, there remains no doubt that the bone- 
marrow is the seat of serious changes, and the disease is of the myelogenic 
tyi*.*' [Large and small leucocytes are found in every case of loukiemia. 
Tile smaller arn most numerous in cases of moderate severity. When 




the disease tends rapidly to n fatal ending, very large hyjiertropliied 
leucocytes and even giant cells occur {Haijem.*- See also paragraph on 
ancBUiia infantum below). Deviations itina the normal in sim oi* asso- 
ciated with a loss of eontractility. The very large leucocytes, and also 
the smallest, fail to exhibit amwboid movements. Aaiother peculiarity 
noticed by Uayeiu is the fact that the leucocytes in this disease contain 
some luemoglobin more commonly than they do in health.] ^ By means 
of the staining processea noticed at p. 31 the various forms of leuktemia 
may be further distinguished. 

Crystals are occasionally found in leuktemic hlowl (Charcot, Robin, 
Vulpian)."* Neianann*^ attributes their origin to the marrow, and de- 
scribes them as colourless, shining, oblong octahetirnls (Pli. Sc/ireiner).^ 
They are seldom met with. The author has often sought, but 
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seen, them in freshly-drawn blood. It may be that they form only in 
blocKl that has been allowed to stand.^^ Pills'^ has observed tliem in the 
fresldy-shed blo(xl, and Westphal^^ in the liWng tissues of leuksemie 
ixitients.* 

It should also be mentioned that the red blood-corpuscles commonly 
undergo changes of form in leukaemia, a condition which first received 
the name of Poikilocytosis from Quincke. 

An advanced stage of leukaemia is readily recognised by the aid of 
the microscope, but it is by no means easy to distinguish between 
commencing leukaemia and a pronounced leucocytosis ; and this is a 
tiisk which the physician will often have to undertake. Magnus Huss 
and otliers ^ employ the term " leukaemia " only when the white cor- 
puscles are in a proportion not less than i : 20. That the iliagnosis of 
leukaemia cannot be made to depend upon this fact alone, however, is 
sufficiently proved by the author's investigation of cases of anaemia in 
children, where the proportion of leucocytes to red corpuscles was as 
1:12, 1:17, and I : 20.^^ In another case where the patient was an 
adult the proportion stixxl at i : 8.1, and yet the condition was not one of 
leukaemia. ^- 

We are indebted to P. Ehrlich ^'-^ for an excellent means by which we 
may recognise an early stage of leukaemia. By observing the " granules " 
present in the protoplasm of the white corpuscles, he found that these 
uniformly exhibited remarkable differences in their staining properties — 
differences which have both a physiological and a pathological signi- 
ficance. Ui)on this basis he distinguishes five several varieties of what 
he called " granules," classing them as a to € granules. In all cases of 
acute leucocytosis, the mono- and ix)ly-nuclear fonns which furnish the 
€ granules arc alone increased in number, whilst the a granules — which 
an? also styled " eosinophil," from their proi)erty of taking up eosin — 
are apparently fewer. Precisely the reverse of this, again, obtains at 
the beginning of leukaemia, and the fact provides us with a good means 
of diagnosing that comlition in its early stage. The method of examina- 
tion is as follows : — The blood is spread in a very thin layer between 
two cover-glasses, which are then grasped with forceps, drieil in an 
exsiccator, and heated upon plat<\s of copper foil (for this purpose a dry- 
ing chamber for temperatures beyond loo** C. will serve very wellf) for 
a considerable time (10 to 12 hours) at 120**- 130° C. A drop of con- 
centrated eosin-glycerine soluticm is then added to the preparation, the 
colouring matter is washed off with water, and the preparation dried, and 
I'xaniinod in Canada balsam or oil of cloves. 

* For the chemical constitution uf these crystals, see Chapters IV., VI., and IX. 
t Hardening with absolute alcohol may also be employed ; then, of course, it will 
be necessary to drive off the alcohol before staining. 
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Acconling to Hubei',^ good results may also be obtaiued in the fol- 
lowing manner: — Two grms. each of aurantia, indulin, and eosin are 
dissolved in 30 grms. of glycerine, the resulting thick fluid well shaken 
up, and the cover-glasses (dried and heated as above for several hours 
at 120° C.) are immersed in it for a period varying from half an hour 
to some dayjs. When taken out, they are carefully washed with dis- 
tilled water, dried in the air, and examined in Canada balsam or dammar 
varnish. Should the case \ye one of early leukaemia, the red blood-cor- 
puscles in such a preparation are stained a reddish-yellow, the nuclei 
of the white corpuscles have taken uj) the blue colouring matter, and in 
addition there are seen large leucocytes (eosinophil cells) distended with 
granules of a deep red tint (eosinophil granules). In such preparations 
the latter ai*e also commonly to be seen scattered separately or associated 
irregularly in groups, together with large colourless cellular l)odies of 
oval shape, distended at their poles with similar particles. 

GaMtschewsky ^^ and Ahlehoff^^ stained blood-prejmrations made as 
above with eosin. The latter employed a concentrated alcoholic (bluish) 
solution of eosin, that known as jS'o. 22 of Bayer^s factory at Elberfeld, 
in the following way :— -Tlic preparation is submitted to the action of the 
staining fluid for half an hour in the cold, or for two to three minutes 
when heat is used ; the excess of colouring matter is then washed away 
with distilled water, and the preparation is placed for a short time in a 
concentrated watery solution of methylene-blue, dried and examined in 
Canada balsam. Very l>eautiful specimens may be obtained in this way. 

A series of observations which the author has made with the blood 
of healthy and anaemic j)ersons, and especially of rickety children, has 
«h(nvn that the appearances in question occur but rarely in normal blood 
or in that of anaemic states. In one case only, tliat of a patient with 
tuberculosis, and who was not leukaemic, were they to be seen in 
abundance. Aldehoff observed a large number of eosinophil cells in 
the blooil in three cases of malaria ; so also did Dolegay* The author 
has found such in healthy adults in pneumonia, and in anaemia of all 
kinds. MiiUer and Rieder^^ have had the siime experience. Fmk^ 
has described numerous leucocytes with eosinophil granules as present 
in the blood of asthmatic patients. 

It follows that the detection of eosinophil granules in increased 
abundance has lost much of its weight as an evidence of commencing 
leukaemia. Still the interesting observations of Muller^^ afford room 
for the belief that, by more accurate differentiation of eosinophil leuco- 
cytes, further conclusions may be reached ; and he has shown that in 
leukaemia there is probably but one form (ComiFs " mark-zellen ") to 
be found which does not occur also in healthy blood. The matter will 
have acquired a diagnostic importance only when it has been proved 
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conclusively that the Ixxlies in question do exist in the blood of leukaemia 
alone, and do not exist in that of other forms of ansemia. For the present 
the assumption is not warranted. The author has observed leucocytes 
similar to those descril)ed by Miiller in the blood in a case of sarcoma^ 
and Weiss ^^^ has reported in like manner. Nevertheless, where repeated 
observation has shown the presence of these bodies, it is perhaps safe to 
admit them as evidence of commencing leukaemia. 

In view of the great importance of Ehrlich's *•* process for the investigation 
of the blood, some further notice of his methods is called for. [i. Eosinophil 
granules are those which stain with acid pigments, of which eosin is one. The 
process for their detection has been already described. 2. Batopkil grannies 
stain with basic aniline dyes, e,g,, dahlia, gentian-violet, methyl-violet, methyl- 
green, vesuvin, and fuchsin. 3. Neutrophil granules stain best with neutral dyes, 
i.e., those composed of a coloured base Eind an acid. Of these, methyl-Uue and 
acid fuchsin are examples.^®'] 

[Dr. S. Del^pine divides the aniline dyes into two classes, (i.) Acid fuchsin may 
be taken as a type of the first ; (2.) basic fuchsin as a type of the second. The 
first class stains deeply the most differentiated parts of the cells ; the second, 
the least differentiated parts of the cells. In a drop of blood, the red corpuscles 
are most deeply stained by acid fuchsin, the leucocytes but faintly stained, while 
the nuclei are not stained at all. If basic fuchsin be used, the nuclei are stained 

most deeply, the body of the leucocytes to a less extent, and the red corpuscles 
least of aU.iw] 

For the detection of neutrophil or c-granulcs, a fluid is required of the following 
composition : — To five parts of a saturated solution of acid fuchsin one part of a 
watery solution of methyl-blue, and five parts of distilled water are added ; the 
mixture is allowed to stand for some days, then filtered, and the filtrate may be 
employed for staining blood-preparations in the manner indicated above. The 
leacocytes will then exhibit dense violet-coloured granules. 

For the detection of basophil or 7-granules ("mast-zellen" granules*) a fluid 
is needed containing 50 cc. of a saturated alcoholic solution of dahlia and 10 cc. 
of glacial acetic acid in 100 cc. of water.'®' 

According to Ehrlich, basophil granules are absent from the blood in health. 
It is probable that in the near future leucocytes may be further distinguished 
according to their development, and the information so obtained may become 
available for the purposes of diagnosis, as Einhom^s '^ observations suggest. It 
would be of great interest to ascertain which of the recognised varieties of 
leucocytes occur in the blood in the conditions of leucocytosis mentioned above. 
According to Binhom, they would appear to be especially the polynuclear forms. 

4. Anaemia Infantum Pseudo-Leuksmica.^^'— The author has 

described a form of anaemia of a very distinctive character as occurring in 
children, and the observations of Loos ^^ in connection with the blood- 
changes concerned, and of Ltizet ^^ in respect of its clinical history, furnish 
sufficient warrant for regarding it as a separate disorder. Pathologically 
the most striking fact is a very great diminution of the cellular elements 

* [" Mast-zellen " is the name given by German authors to certain bodies which 
occur chiefly in connective tissue in the neighbourhood of blood-vesseK They are 
round, nucleated, larger than leucocytes, and they have granules embedded in their 
protoplasm. These granules stain deeply, and have been mistaken for micrococci.] 

C 
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of the blood. In one case tlie red corpuscles iiiinibereil only 820,000, 
the white 54,666. LeuiMicjtes are always increased in luimbiT, but the 
iucrease is not so great m so progressive as in Icuksemin. Further, the 
Jeucocytes display a remarkable variety of fonu and attain to an uuugunl 
size. The rod corpuscles in freshly-slied Wood exhibit a high degree of 
poikilocytosis, and their conteiits are apt ta be colourless— a condition 
which is porhajB a form of poikilocytoBis (tompare figs, 30 and 21). 

[Hai/tia"° haa nlready commeutcd upon the appearance in Icukauaio blood of 
red corpusolea of pale colour and devoid of bnmoglobin. These, he says, arc not 
merely stroma, and he inclinea to the belief that they are Rtroma plui an 
albuminoid iDalerinl nitb vbich h(cmo)i;labin iiormally combines.] 

Some of the leucocytes hold red corpuscles or fragments of the same 
cmbeddeil in their substance, and amongst them are a few basophil, and 

— Appeanucg u( the Blood (rum a Cw of AnKiult Infiuiliiin 




very large iKilyniiclear neutrophil cells. Finally, nucleated red corpuscles 
are also to be met with. 

It is to be observed that none of the characters mentioned here as 
belonging to the blood in ansmia infantum paeudo-leuktemica are 
peculiar to that condition. Nucleated red corpuscles, for instance, are 
found in leuktemia, pernicious anseniin, and purpura (Spie/ncJiIia^^^). 

It is well known that the red corpnsclea are nil nuolcaled during early fcetal 
life, and, according to Hayera."' begin to be replaced by the coloured non- 
nucleated erythrocytes or red cella only in the seventh mooth. 

There are, however, clinical Bymptoms — enlarged spleen, &c.^a descrip- 
tion of which would be out of place here, and these, together with the 
character of the blood, BufQciently distinguish the disease. 
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It may be mentioned that the changes in the blood are very similar 
to those found in leukaemia, but in the latter the cellular elements and 
the amount of haemoglobin are never reduced so much. 

5. HelanSBinia.^^^ — The microscopical appearance of the blood in 
this very rare disease suffices for its recognition. There are to be seen 
floating amongst the blood -corpuscles smaller or larger granules and 
emulation masses, possibly i)igment lumps, which are usually black, 
more seldom broAvn and yellow. The granules are united to each other 
by a 8ul)8tance which is soluble in acids and tvlkalies. The pigment 
•occurs idso in the form of separate granules equal in size to leucocytes. 
Finally (and this, in the author's opinion, is the commonest case), the 
pigment particles, both small and large, may be enclosed within cells 
which occasionally resemble white blood-corpuscles, and sometimes differ 
from them in being flask- or spindle-shaped. The pigment lumi>s are 
very rarely observed ; but, on the other hand, the granules, and, more 
commonly still, jngment-laden white corpuscles, are often temporarily 






Fio. 19.— McLiDiemic Blood (eye-picco Id., objective 8a, ReicUfrlX from a Ca«c of 

If Alarial Cachexia. 

present after a severe attack of ague and in relapsing fever. The pn*- 
paration (shown in fig. 19) was made from the blood of a man who hail 
suffered for a year from malarial disease which he had contracted in the 
tropics. Tlie appearances described here are usually associated with 
oligochromaemia and oligocythapmia, and accompanied by the symptoms 
of anaemia. 

6, HicrOCythSBmia. — This condition was first described by Vanlair 
and Mastus}^^ It is characterised by the presence in the blood of small 
haemoglobin-containuig elements (microcyies), which are probably derived 
from the red blood-cells, and are generally smaller, but occasionally 
larger (niegcdoblasts of Hay em and Ehrlich) than these. 

Such bodies are found in many morbid states, and notably in toxic 
states, infectious diseases, pronounced anaemia, and in bums. Not- 
withstanding that much has been written about them, there is really 
but little known on the subject of microcytes, and their discovery is 
of no assistance in diagnosis. Liiten has shown that they may rapidly 
appear in the blood, and as rapidly disappear from it We may refer 
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here also to Bettelheim^s ^^^ observations on the subject of minute mobile 
granules in the blood. Gram and Grdber ^^* regard the microcy tes as 
the result of jwst-mortem changes in the blood. The latter believes that 
they rei)resont the final product of the rapid and uniform abstraction 
of water from the corpuscles ; and since such a process will take i>lace 
most readily in blood which contains but little water (and is, therefore, 
relatively rich in albumin), the subject of microcythsemia is invested, 
by this theory, with a certain practical importance. 

7. PoikilOCytOSis. — By this term it is usual to describe an affection 
of the blood in which the red corimscles exhibit a remarkable varidyi 









Fk;. 20.— Poikilocyto«i8 from a Cafte of Amyloid Degrencration of the Kidney, Liver, Spleen, 

and Intestine (eye-piece III., objective 8a, JUichert), 

as to form and size.^^^ The condition was first noticed in pernicious, 
anseuda, and has been regarded by some authors as pathognomonic of 
that disease. Cases, however, have been recortled {Grainger Sfeirarf, 
Lepine^ Hermann Milller) in which no such changes were found. 

The appearance of the red blood-corpuscles in this condition exhibits 
a remarkal>le variety. Some are normal in shai)e and size, but amongst 




Fio. ai.'Blood in P«)ikiIocyto«is (componsation eye-piece 4, Reichert's apochromntic objective), 

from a Cnso of Anwmia Infantum Pseudo-leukwmica. 

them are seen smaller forms and others of great size (megaloblasts). 
Some, again, are flask-shaped, and often tipped at one extremity with 
a little knob; while others of irregular outline have been compared 
to such different objects as an anvil, a biscuit, a goblet, or a kidney 
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(fig. 20). Friedreich and Mosler have seen amoeba-like processes on the 
red corpuscles. Tlie author has also observed similar appearances, and 
inclines to the belief that the prominent features of poikilocytosis 
depend upon the fact that the red corpuscles are endowed with an 
abnormal power of contractility. This quality may also belong to the 
contents of the red corpuscles ^^^ (see fig. 21), and it is i>ossible that the 
contained substances lately noted within them in cases of cancer may ]>e 
accounted for in this way.^^* Quincke^^ has observed this condition, 
and he has applied to the resulting appearances the name of " cup- 
shai)ed depressions in the red blood - corpuscles." From the above 
description it may be seen that ix>ikilocytosis is easily distinguished 
Avith the microscope. Such appearances are not confined to any one 
disease, but are common to many in which the blood is greatly altered, 
and especially in respect of the diminution of its cellular elements and 
of the red corpuscles in particular. 

Tlie author has himself observed them in cases of chlorosis and severe 
anaemia of whatever kind, and typically developed in pernicious anaemia, 
and in anaemia infantum pseiulo-leuksemica. He has also seen them in 
the cancerous cachexia, in leukaemia, and in amyloid degeneration of the 
viscera. Griiber^'*^ believes that the poikilocytes do not exist in the 
circulating blood ; a view which the author does not assent to in all cases. 

8. Changes in the Formed Elements of the Blood in 

Chlorosis. ^'^^ — Although the minute examination of the blood in 
chlorosis commonly discloses few or none of the changes previously 
described, it will prove both interesting and profitable to mark those 
})articulars in which it differs from simple oligocythaemia on the one 
hand, and from pernicious anaemia on the other. 

Chlorotic blood is especially characterised by its paler colour, not 
necessarily accompanied by other changes in the physical projierties of 
its constituents. Microscopical examination shows usually that the red 
corpuscles are abnormally pale without their number l>eing markedly 
tliminished. The application of the methods for counting the corpuscles 
and for estimating the amount of contained haemoglobin proves, in the 
greater proportion of cases, that while the number of corpuscles is but 
slightly altered, the blood is very deficient in haemoglobin. ( reneralising 
somewhat, the conditions that obtain in chlorosis may be said to be : — 
Diminution of the amount of haemoglobin, together with a less dimi- 
nution of the cellular elements of the blood, and with or without an 
accompanying relative increase of leucocytes. Poikilocytosis is a fre- 
quent phenomenon in chlorotic blooil, whilst microcytes and megalo- 
blasts are also not of rare occurrence. In some cases of chlorosis the 
number of red corpuscles is so greatly diminished that they api>roach the 
character of i>eniicious anaemia in this |mrticular. Finally, according to 
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Peipcr and (Iriiber, the alkalinity of the bloocl is always increased. Tlie 
author has noted a diminished alkalinity in three instances. 

9. Changes in the Formed Elements of the Blood in Per- 
nicious AnSBmia.^^* — ^Very different is the condition Avitnessed in 
l>erniciou8 anaemia. The blood is thin, light-coloured, and shows all 
the changes which have already been seen to belong to oligocythflemia. 
Under the microscope its cellular elements are seen to be enormously 
diminished in quantity, a condition which is seldom or never observed 
in the very worst forms of simple anaemia. Tlie number of blood-cells, 
according to Lciache, may fall so low as 360,000 to the cubic millimetre. 
Further, the individual red cells are often larger than normal, and 
exhibit in an exquisite manner the characteristics of poikilocytosis. 
Eosinophil cells are also present in unusual number, and the characters 
belonging to severe anaemias generally and to imaemia infantum pseudo- 
leukaemica may lx». observed, except that the degree of leucocytosis is 
never permanently so great as in the latter disease. 

To estimate the diameter of the corpuscles, the method of "dry 
measurement " may be employecL It is founded upon the fact observed 
by C. Schmidt y that red blooil-corpuscles, when rapidly dried, retain 
their form permanently. According to Laache^s directions, the pi-o- 
ceeding is as follows : — A slide is gently heated and then swept quickly 
and lightly over the surface of a very small drop of blood drawn from 
the skin. The bloml dries rapidly, and when placed under the micro- 
scope, the corpuscles appear as l)i-concave discs, lying a^mrt from one 
another, so that their diameter can easily be measured with the familiar 
micrometric apparatus (micrometer eye-piece). In the case of healthy 
blood-corpuscles, the diameter ranges between 6.5 or 6.7 and 9.0 or 9.4 a^.* 
In the blood of pernicious anaemia, red corpuscles are found of 10-15 /a 
diameter. Microcytes are seldom found in the blood in this disease. 

An im|X)rtant sign of pernicious anaemia, as Hay em first showed, is 
the fact that the number of red cells in the blood is inversely propor- 
tional to the quantity of haemoglobin which they contain. Copeman^^^ 
made the remarkable discovery that when the blood of pernicious 
anaemia is quickly dried, rhombic crystals of haemoglobin are sometimes 
formed. 

The presence of amorphous hsematoidin in fresh bloo<l is not a very rare occur- 
rence. Tlie author met with it in the case of a child of four months suffering 
from hereditary syphilis and severe icterus. 

"We see then that the characteristic features of the blood in perni- 
cious anaemia are : a general diminution of its cellular constituents, with 
a relative increase in the size of the red corpuscles and in the quantity 

* The Greek letter fi represents one- thousandth of a millimetre (/u =0.001 milli- 
metre), and is the sign of a micromillimetre or micron. 
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of Iwemoglobin which they contain. ^^ All these properties can be 
shown by the methods described above. 

[It is often important to have the means of comparing specimens of blood,' 
whether from different individuals or from the same individual at different times. 
Dr, B. Muir " has adopted the following method for making permanent prepara- 
tions of blood. A film of blood is obtained in the usual way upon a cover- glass, 
and while it is still wet the latter is placed in a saturated watery solution of 
corrosive sublimate, to which a little salt has been added, and is left there for 
thirty minutes. It is then removed and the corrosive sublimate is washed off 
with a I per cent, solution of common salt. The cover-glass is placed for a few 
minutes in spirit, and afterwards in absolute alcohol The specimen can then be 
stained with eosin and logwood and is absolutely permanent] 

10. Changes in the Formed Elements of the Blood after 
HsBmorrhage and in Infectious Diseases (Secondary Ansdmia). 

— In these conditions, and also in chronic nephritis, anaemia, with a 
diminution in the corpuscular elements and of the colouring matter of the 
blood, is of constant occurrence, but the other changes which have been 
shown to accompany pernicious anaemia, &c., are absent Neuhert^^ 
has shown that in pulmonary phthisis the amount of haemoglobin fre- 
quently diminishes more rapidly than the number of corpuscles. 

In myxoedema, Knppelln ^'^ observed blood-changes similar to those 
which belong to pernicious anaemia, and the same microscopical appear- 
ances have been found in cases of anaemia due to the presence of 
intestinal worms, as Bothriocephalus latus, Dochmius duodenalis (see 
Chap. VI.), and in the course of syphilis. ^-^ The results of malarial 
infection have been already noticed (p. 35). 



V. THE PARASITES OF THE BLOOD.— Amongst these are mem- 
bers both of the vegetable and of the animal kingdom. 

A. V^etable Parasites. — We shall foUow the plan usually adopted 
in clinical medicine, by which micro-organisms are divided into three 
great groups — (i.) Moulds; (2.) Yeasts (Saccharomycetes) ; and (3.) 
Fission-fungi (Schizomycetes, bacteria). The third group alone concerns 
us here, for to it belong, almost without exception, the parasites which 
as yet have been found to infest the blood. Yeast cells, indeed, have 
occasionally been seen in the blood of animals, ^^ but not yet in that of 
man, nor has any definite disease been attributed to their agency. We 
liave, therefore, to describe the bacilli of anthrax, of relapsing fever, of 
tubercle, of glanders, and of typhoid. With reference to the bacillus of 
tetanus, the recent investigations as to its occurrence and significance 
are to Ije received with great reserve. In view of the researches of 
Kitasato,^^^ however, it is no longer jx^ssible to question the pathological 
significance of this micro-organism. Tlie statements concerning the 



4P THE BLOOD. 

presence of Streptococci iu the blood of certain diseases also need con- 
firmation before they are made the basis of clinical inferences. 

Methods of Examining the Blood for Micro-Organiinm. — In certain 
diseases (as, e,g,, of relapsing fever and anthrax) no difficulty will be 
found in determining the presence of bacilli in the blood by means of a 
simple microscopical examination. In other instances (and especially 
in miliary tuberculosis, typhoid, and glanders) we must resort to the 
methods of Koch and Ehrliclu In all alike the common process is to 
dry the blood in a thin layer, so that the shape of the corpuscles is 
lost without altering the appearance of the bacilli, and then to submit 
it to the staining methods employed by Koch, Ehrlich, Weigerfy &c.,^^2 
and other investigators. The general pHnciple of the viethods is this, 
tluU the fungi are deeply stained by the basic aniline dyes. To these 
basic -aniline dyes belong > — Bismarck-brown, vesuvin, aniline-brown, 
fuchsin, methylene-blue, gentian-violet, and methyl-violet. It must l^e 
observed, however, that other substances besides the micro-organisms are 
coloured by these dyes. Thus, for instance, masses of protoplasm, cell- 
nuclei, and the proilucts of cellidar disintegration stain readily with 
them. This is true also of the y and d granules of Ehrlich, anil, in fact, 
they have over and over again been mistaken for fungi. 

Preparation of Cover-Glasses. — The skin of the finger-tip from which 
the blood is to be taken must first be thorouglily cleansed with soap 
and water and a. nail-brush, and washed with corrosive sublimate (i in 
looo). All traces of the latter are removed by first rinsing the finger 
with alcohol, and finally pouring aether upon it. A pretty deep punc- 
ture is now made in it with a needle previously sterilised by heat Tlie 
small instrument devised by Hauxley^^^ may be used instead of the 
needle. 

Seheurient *** process is, perhaps, safer, although, as a fragment of glass may 
remain in the wound, it is not free from danger. Numerous observations have 
shown that aseptic blood can be obtained in the ways mentioned here. 

The first drops of blood that issue are swept away with a well-sterilised 
platinum needle, and a cover-glass held in steel forceps, also sterilised, 
is quickly brought in contact with the surface of the blood as it flows 
freshly from the wound. To this cover-glass another is at once apphed, 
and the blooil spread in a very thin layer between them. They are 
then separated with the aid of two pairs of forceps, and placed to dry in 
an exsiccator or in a chamber free from draughts and dust. Care should 
])e taken that the cover-glasses employed are absolutely free from im- 
purities, and to this end they should have been washed before use in 
corrosive sublimate, alcohol, and sether. Not less care must be taken to 
secure the cleanliness of the needles and forceps used. When dried in 
this manner, the cover-glass, with the prepared surface upwards, is three 
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times jMiesed cautiously through the flame of a Bunsen's burner, and 
then kept for some hours at a teiiiperature of 120"*. After this a ilrop 
of a strong watery solution of a basic aniline dye is applied to it by 
means of a pipette, allowed to rest on it for a short time— some minutes 
at the longest — and then washed off with a gentle stream of sterilised 
distilled water, directed so that it flows over, but not directly down 
upon, the stained parts. With this object the cover-glass should be 
held obliquely to the stream. The preparation can be examined whilst 
wet To mount it in Canada balsam, dammar varnish, or oil of cloves, 
it is necessary to dry it again l)efore placing it with a drop of one of 
these substances on a slide. 

If too concentrated a staining fluid has been used, and the specimen 
proves too highly stained, the excess can be removed by the addition of 
alcohol.* Ehrlich ^^ claims for methylene-blue the advantage that, even 
when submitted to its action for a long time, the i)reixiration will not be 
too deeply coloured. 

Over-staining is less likely to occur when alcohol, glycerine, or acetic 
acid has been added to the water in which the dye is dissolved. It 
must be mentioned, however, that vesuvin, Bismarck-brown, and aniline- 
brown cannot be employed in alcoholic solution. 

Further, it is a good plan, especially for the pur^wses of a provisional 
in8i)ection, to treat the cover-glass directly by placing upon it a drop of 
a filtered alcoholic solution of an aniline dye, such as fuchsin or methyl- 
violetj and then to wash off the suixirfluous staining fluid, with alcohol, 
when the preimration may be examined in the manner already described. 

With reference to the staining fluid, it is advisable to prepare it 
afresh each time it is required, because it readily decomposes when 
allowed to stand ; and, besides, fungus vegetation is apt to thrive rapidly 
in dilute solutions. To examine a dry cover-glass preparation of blood 
for micro-organisms, the directions of Loffler ^^ may be followed with 
advantage: — The cover-glasses, prepared as above, are left for 5-10 
minutes in a staining fluid consisting of 30 cc. of a concentrated alco- 
holic solution of methylene-blue, and 100 cc. of i : 10,000 solution of 
]>ota8h, then washed for 5-10 seconds in i i)er cent, solution of acetic 
acid, treated Avith alcohol, dried, and mounted in oil of cloves or Canada 
balsam. 

GrawLS ^^^ method, which is also to be commended for the examination 
of micro-organisms, is somewhat different. He prejmres the cover-glass 
in the manner described above, and places it for some minutes in an 
Ehrlich'Weigert solution of gentian-violet and aniline- water (p. 105). 
When sufficiently stained, he put* it into a solution of io<line and ioilide 

* Glycerine or dilute acetic acid will serve this purpose alsa 
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of potassium (iodine i.o, iodide of potass. 2.0, distilled water 300.0), 
when a dull red-brown precipitate forms. It remains in the iodo- 
potassic-iodide solution for two or three minutes. It is then put to 
bleach in absolute alcohol, where it remains for some time. When 
taken out and examined, all the cellular elements are seen to be colour- 
less, while the micro-organisms are deeply stained a dark blue. 

In Weujerfs ^^ modification of the same process the cover-glasses are 
stained in a saturated aniline-water-gentian (or methyl-) violet solution, 
washed with water or normal saline, and dried. A drop of LugoFs fluid 
is then applied. TMien this has taken effect, the preparation is once 
more dried, and aniline-oil added, a drop at a time. The latter is then 
thoroughly washed off with xylol and the preparation examined in the 
usual way. By this method micro-organisms are stained a dark blue, 
while fibrin particles have a pale colour. 

Giiniher's method of investigation for the spirillum of relapsing fever 
(see p. 45) is also applicable to the examination of blood for micro- 
organisms. The microscope employed in these researches should be 
provided with an oil-immersion lens, and an Abbe's reflector and open 
condenser (Chaj). X.). The apochromatic objectives of Reichert^ Zeiss^ 
and other instrument-makers serve still better (see Chap. X.). 

1. Badllus of Anthrax. — The presence of micro-organisms in the 
blood of men and animals suflering from anthrax was pointed out 
by Pollendery BraueU, and Davaine.^^^ Many other observers (Buhl, 
Waldei/er, E, Wagner, and W. Midler ^^^) have since described the 
occurrence of the bacillus of this disease in human blood; but in all 
cases the number as seen in man falls far short of that witnessed in the 
case of the lower animals, and it varies according to the part from 
which the bloo<l is taken. It is found most abundantly in splenic blood. 
When looked at through the microscope, the micro-organisms are seen 
to be motionless, rod-like Ijodies, 5-12 At. long,* and almost uniformly 
I /i broad, slightly thickened at the extremities, and occasionally having 
the appearance of transverse segmentation towards the middle. Even 
in unstained preparations they can be readily seen when they are present 
in great numbers. 

The blood is at the same time thin and of a dark red colour; 
commonly, too, pronounced leucocytosis co-exists. Where typical an- 
thrax bacilli are found in the blood, the diagnosis of the disease is estab- 
lished beyond question ; but, on the other hand, it must be borne in 
mind that the symptoms of anthrax may be well marked while no 
baciUi are anywhere to be seen. In such a case the diagnosis may be 
established by injecting some of the suspected blood into an animal 

* fi=o.coi mm. 
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(iiiotise or guiiiea-jiig), which, if antliras be preaeiit, will shortly exhibit 
aj-niptoms of the disease, and its blood when esamined will be found 
to hold bacilli in profusion (Bg. 31). The bacillus of anthrax does not 
form into long threails either in the blcKMl or in the living tissueti, 
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Hnd it has no siwres {B. Koeh).^" It increases only by divisioi 
33 represents Incilli from a rabbit's blood. 

Fig. aj is from a preiianition made (mm the blood of a man ' 
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The exnniination of the blood in anthrax la conducted in tlie inauncr 
described above (for dry cover-gloss prejwrationa and staining with 
basic aniline dyes). l/jffler's methoii is especially applictible to the 
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purjwse. It should be mentioned here that the affection known as 
"wool-sorter's disease," the nature of which was formerly so obscure, is 
now known (from the observations made by Eppinger and R, Paltauf^^^) 
to \yQ identical with anthrax, and when the clinical symptoms of that 
disease come under observation, the physician should in all cases examine 
the blood and pathological fluids (pleuritic exudation, &c.) for bacilli. 

2. Spirillam of Belapsing Fever. — The spirillum was first noticed by 
Obemiei/ei' ^^^ in the blood of a patient suffering from relapsing fever. 
It has since been seen by many observers, but most authorities are 
agreed that it is to be found only during the pai*oxysms of the disease, 
and that as the temperature falls the spirilla disappear.* When a 
specimen of blood containing them is placed under the microscope, the 
spirilla appear as long and very delicate unsegmented threads twisted 
into spirals. Their average length is about six or seven times the 
diameter of a red blood-corpuscle. They have a brisk vibratile move- 




Fio. 24.- Spirilla of Rc1ap«ing Fever, from a photograph by Koclt, 

ment in the direction of their long axis. This motion, when the blood 
is examined with a low power, gives to the eye a peculiar impression of 
disturbance, and will immediately lead the practised observer to look for 
the presence of spirilla. If he then increases the power, and, still better, 
if he employs an oil immersion-lens with Abbe's condenser and a small 
diaphragm, the spirilla come clearly into view. These bodies are ex- 
tremely sensitive to reagents of all kinds. Even the addition of distilled 
water will cause them to disappear. 

The number of spirilla which are to l)o seen together in a specimen 
of blood varies greatly, and often bears no relation to the intensity of 
the fever. 

If the blood is examined in the intervals of the disease, provided 
another paroxysm l^e impending, it displays i>eculiar refractive bodies 
resembling diplococci, which are e8j>ecially numerous when the paroxysm 

* In opposition to this view, see Naunyn^ Centralbl. fiir Bacter. und Parasitenk., 
iv. 376. 1888. 
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sets in ; and just as it begins, they even seemed to the author in certain 
cases to grow out, as it were, into short thick rods, from which the 
spirilla were finally evolved. Before those of the author, similar obser- 
vations had been made by Samoxc ; ^** and pending further confirmation, 
it seems probable that these bodies are the spores of spirilla, which have 
so long been sought for. In addition to spirilla, the blood, especially 
after a paroxysm, contains pigment particles (melanin), either free or 
incorporated with the leucocytes. 

Since both the spirilla and the forms (? spores) just mentioned have 
been met with as yet only in the blood of persons suffering from re- 
lapsing fever,* their great imiwrtance as a clinical test is sufficiently 
apparent. 

It should be mentioned, however, that forms very similar to the 
spirillum of relapsing fever are met with in the blood of malarial patients 
(see p. 54) (r. Jaksch and Canctlis), In such cases the two diseases 
may be distinguished by attending to the other characters of the blood. 
Moreover, when relapsing fever supervenes on an attack of ague, the 
spirilla assume a modified shape, as it would appear from a very interest- 
ing observation by KarlhiskO*^ 

AccordiDg to Sdckaroffj^^ the masses of protoplasm which have been seen in 
the blood of relapsing fever constitute the specific haematozoon of that disease. 
He believes that these develop in the red corpuscles, and that portions of their 
nuclei give origin to the spirochaete bodies. The writer in question attempts to 
account in this way for certain resemblances between ague and relapsing fever. 

For the purposes of research an unaltered specimen of blood serves 
best, but dried preparations can also be made and stained most appro- 
priately with fuchsin. 

Giinther 1^" has recently advocated the following plan : — The cover- 
glasses, prepared in the usual manner, are immersed for ten seconds 
in a 5 per cent solution of acetic acid, to destroy the colour of the red 
corpuscles. The acetic acid is then removed as far as possible by 
blowing upon the cover-glass, and its last traces neutralised by holding 
the preparation surface over an open fiask of strong ammonia solution 
(shaken up previously). The preparation is next stained in the Ehrlich- 
Weigert aniline- water gentian-violet solution, and the staining fluid 
washed off. It is then mounted in Canada balsam or xylol before it 
is inspected. This methoil is a ver}- gootl one for the examination of 
the blood for micro-organisms in general. 

3. Tubercle Bacillns. — This was first described by Weichselltaum ^** 
as occurring post-mortem in a case of miliary tuberculosis. To one of 
his pupils named Meisels^*^ belongs the credit of its first discovery in 

* Bodies resembling them are found in the buccal secretion (vide chapter on the 
bacQal fluida). 
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the same connection during life. Since then much knowledge on the 
.subject has been derived from the labours of various observers (Lustifj, 
Stickei\ Dotdreleponi, RiiUmeyer,^^ 

The assertion of Liebmann^^^ that tubercle bacilli occur in the blood of 
patients who have undergone tuberculin injection is not confirmed bj Ehrlich, 
OuUmanHf^^' Hanurle^^^ and others {KoBsel). 

The numl>er of tubercle bacilli found together is commonly small. 
Indeed, when present, they are often so few as to baffle the most careful 
investigation. It rarely happens that a specimen of blood is found so 
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Fin. 35.— Tubercle BucilU in the Blood, from a prejmration by Pro/e»*or Wtiehaelbaum (eye- 
piece III., objective Zeuis ^ ; homogeneous immersion ; Abbe's mirror ; open condenser). 

rich in bacilli as that represented in fig. 25 ; but, when detected, they 
leave no doubt of the existence of general miliary tuberculosis. 

The mode of research is the same as that detailed at p. 104 for the 
examination of the tubercle-bacilli of the sputum, and the cover-glass is 
prepared in the manner already described. 

4. Bacillus of Glanders. — Tlie bacillus of glanders was first dis- 
covered by Loffler ^^** and SchiiiZy^^^ and its association with the disease 
has recently been confirmed by Isi'oel^^^ and Weiclmdhauvi.^^'' The 
bacilli are rod-like bodies, 2-3 /l long and 0.3-0.4 At broad, often carry- 
ing a spore at the extremity. They are found in the farcy buds and 
ulceration of glanders, and also in the blood of persons suffering from 
that disease. Fig. 26 represents the bacilli seen in a specimen of blood 
taken from a case of glanders in the Vienna General Hospital. They 
may be shown in the blood by means of the dried preparation, and they 
are best stained by Loffler's method for detecting these fungi. (See 
Chapter VIII.) 

5. Bacillus of Typhoid Fever. — Bacilli have of late years repeatedly 
been found in the blood of typhoid patients, and they are doubtless the 
exciting cause of the disease.^^ Riiiimeyer and Neuhatisa^^ experi- 
mented upon the blood taken from the roseolar spots of typhoid patients, 
and succeeded in cultivating bacilli from it. Recent researches, as 
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those of Janotcsky^^^ show that the bacillus is very rarely present in 
the blood during life, and that their detection should not be numbered 
amongst the resources of diagnosis. Further information on this subject 
will be found in the chapter on Fceces. 

6. Streptococci. — V, Noorden ^^^ recently found streptococci in blood 
taken from the body of a woman who had died of erysipelas. They 
exhibited in their cultivation-properties the closest resemblance to the 
well-known streptococci of Feldeisen and Bosenhach, 

In hke manner, Ortlienherger^'^^^ by applying Weigert's method to the 

examination of the blood after death, has shown the presence in it of 

pneumonicocci in six cases of uncomplicated lobar pneumonia. 

In a series of cases in which the aathor examined the blood of pneumonia 
patients, employing sterilised hnman blood-serum as the nutrient substance, he 
failed altogether to obtain a cultivation of cocci. 

Some years ago Klehs ascertained that micro-organisms existed in the 
blood and endocardial vegetations of persons with endocarditis. In a 
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Fio. a6.— Bacilli of Glanders in Human Blood, from a preparation by Dr. Kolitl-o (eye-piece V., 
objective Zeiss i^, homogeneous immersiou ; Abbe's mirror ; open condenser). 

case of congenital heart-ilisease with endocarditis, Siinger^^ has culti- 
vated micro-organisms obtained from the blood during life. An instruc- 
tive communication lately published by Weichadbaum ^** has also shown 
that cultivations of cocci can be obtained from the blood during life in 
cases of endocarditis. It is greatly to be desired that systematic investi- 
gation of this subject should be made by means of Weigert's method 
and cultivation processes, with the object of establishing a secure stand- 
point for clinical diagnosis. The researches of A, v, Etselaherg, Levy, 
and Drunner ^^ encourage the hope that this may be accomplished. In 
the clinic of Professor Ckrobak at Vienna, the blood of patients in a 
severe attack of puerperal fever has repeatedly been found to exhibit 
micro-organisms of tliis class. ^^ 

[Strepiocoecut Pgoffenes, — A chain-forming micrococcus was described by Ogiton 
as occurring in abscesses. It was afterwards submitted to Koch*s cultivation 
processes by J?ofeniad^ who gave it the name of Streptococcus pyogenes, and it 
is now known to be associated with septic processes of all kinds, whether in men 
or animals. It is apparently the same as PthUi9erC$ S. erysipelatis and LdJkrU 
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Diphtheriacoccus. It has been obtained from the pas of pyaemic abscesses and 
empyema, from the tissue-fluids in spreading gangrene, from the vesicles and 
pustules of small-pox, and in contaminated calf's lymph. It occnrs in the blood- 
vessels in certain cases of diphtheria, scarlet fever, puerperal septicaemia, measles, 
and typhoid ; but it must be regarded only as a secondary result of those affec- 
tions. It may gain admission to the system in any disease attended with lesions 
to the skin or mucous membrane, setting up destructive processes, when the 
resistance of the tissues is greatly impaired by the working of a special virus 
{Crookshaiiky^ 

Streptococcui of Scarlatitut. — Dr. Klein has recently succeeded in separating a 
micro-organism obtained from the blood of scarlatina patients, which he regards 
as the contagium, virus, or actual cause of that disease. When cultivated by 
inoculating the surface of nutrient gelatine with the post-mortem blood, the 
micro-organisms bear a close resemblance to the Streptococcus pyogenes. Klein 
is of opinion that the two are sufficiently distinguished, both morphologically 
and by their pathogenic effects upon animals. The experiments upon which he 
relies, however, are questioned by Crookshai^f^^ who maintains the identity of the 
micro-organisms concerned. A Streptococcus which Klein believes to be the same 
as that of scarlatina was found in the blood of cows in an outbreak of disease 
amongst those animals at Hendon ; and this, when inoculated upon calves, pro- 
duced in them the post-mortem appearances of scarlatina. Moreover, the cow- 
disease alluded to is thought to have caused an epidemic of scarlet fever amongst 
men through the medium of the milk.*®]. 

7. Micro-Organism of the Blood in Hydrophobia.— ^re^^i ^^^ found constantly 
present in the blood in hydrophobia a micro-organism which stained with 
methylene blue. Placed on slices of potato at 25**-27*' C, it developed in the 
course of forty-eight hours in flattened hemispherical cultivations, of a colour 
rang^g between whitish-grey, yellow, and citron. In test-tube cultivations (see 
the chapter on Bacterioloffical Methods) it behaved like the bacillus of Asiatic 
cholera. Further research is needed to establish a connection between this micro- 
organism and hydrophobia, 

8. Bacillus of Tetanus. — Many authorities ^'^^ are of opinion that 
tetanus is an infectious disease, produced by the agency of the " bristle- 
bacillus" of Nikolaier. According to the observations of the latter 
investigator, the bacilli in question are somewhat longer and thicker 
than those of mouse-septicaemia. They sometimes form in threads, 
commonly in irregular heaps, and occasionally produce six)res. The 
bacilli themselves, or their spores, have been found in the blood (?) 
{Hochsinger), They stain readily in dry cover-glass preparations, and 
may be cultivated outside the system. The fact may be mentioned here 
that from cultivations of the bacillus Brieger^'^^ has isolated several 
ptomaines — tetanin, tetanotoxin, and spasmotoxin — with which he has 
induced tetanic poisoning symptoms in animals ; and more recently the 
same observer has obtained similar poisons from the blood of persons 
who had died of tetanus. 

Nissen ^^^ also has experimentally demonstrated the presence of toxin 
in the blood in cases of tetanus. [A, Bntschettini ^^* has lately succeeded 
in causing fatal tetanus in rats and rabbits by injecting the urine of 
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IMitients suffering from that disetise.] The researches of Kitasato ^"^ in 
Koeh*s laboratory have definitely established the fact that the bacillus 
is the specific cause of the disease. It is anaerobic, develops in pus 
and fomis spores there, but it is occasionally observed in the fonn of 
rods free from spores, if the pus be examined in an early stage.^^* 

B. Animal Parasites (Hsematozoa). 

1. Protozoa* — Under this heading are to be described the micro- 
organisms of malaria, — parasites of very great interest, which occur in 
the two principal varieties of Hsemamodba malaris and Laverania 
malarise. 

HistoricaL — KUbs^^ and Tommasi-Cruddi have described a bacillus which is 
fonnd in the soil of the Campagna, and they regard this as the specific cause of 
malaria. 

To Laveixtnt^"^^ who in 1880 observed flagellated organisms in the blood of 
malaria patients, l>elongs the credit of the first step towards the ultimate patho- 
logy of this disease ; but his discovery was too indefinite to lend itself to any 
clinical purpose, and Mairhiafara and Celli^^ claim the honour of having first 
distinguished and described the haematozoon, which is the most abundant and, 
clinically, the most important of this group of blood -parasites. These observers 
detected amseboid bodies within the red corpuscles in the blood of persons 
infected with malaria. The amseboid bodies (plasmodia) commonly contained 
granules and particles of black pigment. They stain with methylene-blue. They 
liave not yet been cultivated outside the body,^** but Marchiafava and CellL, and 
also Gerhatrit,^^ by inoculation and intravenous injection with malarial blood 
containing them, has succeeded in communicating the disease to other indi- 
viduals, and the infected blood in its turn exhibited the plasmodia. The state- 
ments of these authors are borne out by others.^*- 

[Penton Evans has succeeded in obtaining pure cultivations of the ha?matozoon 
outside the body by treating the nutrient media with living blood, — i.e., blood 
taken before rigor mortis has set in. These cultivations, when inoculated upon 
animals, produced a fatal disease, of which the symptoms were intermittent, 
though not the same as those of classical intermittent fever. He believed also 
that by altering the chemical composition of the media the hsematozoon attained 
a higher organisation. This statement is questioned by Dyer.^^ 

Mettchnikoff proposes to name the parasite Hasmatophyllum malaria;. W. 
Oder has examined the blood in seventy cases of malarial disease, and found 
it present in alL It would appear from his researches, however, that the 
organisms concerned assume a greater variety of forms than was previously 
supposed. 

Couneilman,^^ again, has recently supported the \iews of Laveran, Marchiafavn, 
and Celli He describes several forms of the parasite, and opposes the doctrine 
of MossOf^^ who sought to prove by his experiments that the Plasmodium resolves 
itself into degeneration types of the rod blood-corpuscles ; and maintains that 
similar appearances can be found in the blood apart from malaria. Finally, 
L. Pfeiffer ^"^ has also seen such in the blood after inoculation with vaccine and 
in scarlatina. Tommasi-Crudeli,^^ on the other hand, regards the forms in ques- 
tion rather as the result than as the cause of malarial disease, believing them to 
be the product of the degeneration of the red blood-corpuscles, and further 
maintains that the bacillus discovered by Klebs and himself is the true cause of 
the disease. This opinion is shared by Schiavuzziy^^ who still more recently has 

D 
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svcceeded in oultivating the micro-organism outside the system. The theory of 
DaniUwBky ^^ remains to be mentioned. That author supposes that the bodies 
under discussion are identical with the hsematozoa observed in the blood of many 
birds. In a recent communication he suggests for them the name of Polymitus 
malarias, and from his researches, as well as those of Oragsi, Peletti, CMi, and 
Sanfelice,^^ it appears probable that birds are attacked by the same parasite 
which is associated with malaria in man. 



ObBervations whicih the autlior made iii Rome in 1889 under the 
direction of Marchiafava and Celli, and afterwards in his clinic at 
Prague, have satisfied him that the blood in malaria contains specific 
organisms, as Laveran first ix)inted out, and that these specific organisms 
are the determining cause of the disease. Tlio subject is thus invested 
with great importance from the ])oint of view of diagnosis ; but it must 
be admitted that the micro-organisms in question display a great variety 
of form, and many details of tlie life-history of this interesting jmrasite 
remain yet to be discovered. For oiu* purpose, it will suffice to mention 
tliose particulars which at present admit of clinical application. Tlie 
following description is founded on the statements of Laveinn, Marchia- 
fava and Cellij Golgi, CelU and Guamieriy Gnissi and CalandraccAu, 
Canaiis, i?. Paliauf, Quincke j Doiega, Plehn, Chetizinsky, Rosenbaehy 
and Rosin, controlled by the author's own olysen^ations.^*' Some of the 
figures are borrowed from these writers. 

The earlier researchers of Laveran, which ai*e so far confirmed by the 
Italian observei's, have established two facts — first, that the parasite of 
malaria assumes a variety of forms in different cases, even within the 
same locality ; and, secondly, that its form tends especially to vary with 
the locality and with the clinical type of the disease. Hence the dis- 
crepancies in the statements made by com|)etent authorities, as by Laveran 
on the one hand and Golgi on the other, the former having had occa- 
sion to see only or chiefly the spherical and crescentic bodies presently 
to be noticed, while the amseboid parasite seldom came under his obser- 
vation. ^®- 

We have it on the authority of Jifarchia/ava, Celli, and Canalis, 
and especially of Golgi and Canalis, that the hsematozodn of malaria 
occurs in tliree principal forms, each having a special relation to the 
different clinical types of the disease — tertian and quartan ague, the 
anomalous varieties, remitthig and intermitting attacks, and cases of 
fever with short periods of apyrexia (Febris pemiciosa algida) (Marchia- 
fava and Celli), and that the development of the organism within the 
system is intimately a^ociated with the production of the various sets 
of symptoms. 

[Hehir ^^^ has very carefully investigated the blood of malaria patients 
in India, and the results, which he has lately published, agree very closely 
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with the statements of Laveran and the Italian observers. He found 
that there were constantly present in such blood eight different forms, 
including the phagocytes, which may be observed to take an active 
part in the morbid process. The micro-organisms are, in his opinion, 
all varieties of a single polymorphous haematozoon, and in general they 
correspond to Laveran's description. The chief interest attaches to 
a micro-organism with flagellated rapidly-vibrating processes, which was 
verj' partial in its distribution through the body, was always most 
abundant in the pyrexial period, and the vitality of which was contn>lled 
by quinine. Tliere was also found a spherical body with 3-6 well- 
formed cilia-like processes. This is tlie Haematomonas malariaB stellata.] 

1. The Parasites of Tertian Ag^ue.— A few hours after the 

cessation of the febrile paroxysm the blood may be seen to contain 







Fic. 27.— Parasite of Tertinn Agiie, aa seen in the blood some hours after a imn>xysni 

(partly copied from other obaerven).'** 

very small movable bodies of a pale colour, and carrying from one to three 
extremely delicate and pigmented thread-like processes (ektoglobidar 
parasite, fig. 27, on the left). Plehn and the author have observed 
similar bodies during the fever-free peritnl. 

The parasite, as it is -supposed, then invades, or has already invaded, 
the red corpuscles (fig. 27, left), where it appears as an actively-moving 
body, already, it may be, outlined, as it were, with a wall of melanin 
granules. Within the corpuscle it grows in size, and as it does so, the 
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¥uu 28.- ProgreMiTe EuduglolwLur Developatent of the Panwite during the AprrexiMl 

Interval (in iNurt copied from OolffiyfR 

former becomes proj^ressively despoiled of its haemoglobin. In this way 
the parasite develops into a large freely-moving, deeply-pigmented mass 
of protoplasm (Amoeba, see p. 53). The changes just described occur in 
the fever-free period >vithin twenty-four hours from the termination of 
a paroxysm. 

While the corpuscles which have been attacked rapidly lose their 
colour (fig. 28)y the newly- formed melanin accumulates towards their 
centre, and the parasite comes to occupy the entire contents of the cor- 
puscle. The parasite then undergoes segmentation, and from this resnlt 
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the various forms described by Golg^i, and represented in fig. 28. These 
. segmentation forms will be noticed at greater length presently. 

The invaded corpuscle is disintegrated. Two more days are required 
for this endoglobular development of the parasite. This terminates the 
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Fig. 29.— Parasite of Tertiau Ague, at or just before the coinniencemciit of the attack (copied) 
from Golgi),^^ The figure shows tlie various segmentation forms of the parasite. 

apyrexial period. A new generation of the jmrasite has matured, and 
its presence in the blood determines a new paroxysm of fever. 

The development of the parasite is often completed before the 
paroxysm begins. 

2. The Parasite of Quartan Agfue.— The course of quartan ague 
is marked by a development similar to that just described {Golgi)}^'^ 
The endoglobular growth takes place in this case also during the fever- 
free period. Its earlier phase is quite the same as that of tertian, only 







Fio. 30.- Parasite of Quartan Ague. Various segmentation forms (from Odgiy}'^ 

the corpuscles are less mpidly decolorised, and the melanin granules 
formed are of larger size. 

The chief difference, however, is in the method of segmentation, the 
residting segments being much fewer in quartan than in tertian ague 
(fig. 30). In the latter they may be as many as from 15-20 for each 
Plasmodium, whereas in the former they range from 6 to 12. Moreover, 
the process of segmentation itself takes place in a more uniform manner 

«■ o O 4 

Fio. 31. — Parasites of Acyclical Intermittent Fever (from Celli and Marchiafava), 

m quartan fever. The parasite requires three days for its development 
Oolgi asserts that in quotidian fever the blood contains at once three 
broods of the parasite of quartan, which mature successively at intervals 
of one day. 
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3. The Parasites of Acyclieal and Anomalous Forms of 

Ag^e• — For a knowledge of these organisms we are indebted to 
Oelli and Marchiafava,^^ and especially to Canalis, Marchiafava's 
observations were made with the blood of patients suffering from 
the acyclic forms of intermittent fever which prevail at Rome in the 
summer, autumn, and winter months. In Roman fever, just before the 
I)aroxysm and at the end of the apyrexial period, the blood contains 
small annular plasmodia, holding in their central part a mass of haemo- 
globin or pigment granules ; also minute moving amseboid bodies with a 
sinuous outline, and large round stationary forms which are almost 
colourless, and which present at the centre or periphery a circular spot 
of pigment. Unlike the parasites of tertian and quartan ague, the plas- 
modia of the autumn and winter Roman fever are devoid of pigment 
and retain their motility for a long time {CelH and Marchiafava). 

In the varieties of Roman fever just noticed are often to be found 
the crescentic and sickle-shaped l)odies which were first descril)ed by 





Fio. 33. — Cresoeutin aud Falciform Bodies, aiid Free Organisms carrying Flagella 

{Ctlli and Guaniieri »0). 

Laveran. According to Celli and Guaniieri the following forms may be 
distinguished : Crescented or sickle-shaj^ed bodies, others of a lx)at- or 
spindle-sha|)e, and ag-ain others with an oval or circular outline and pro- 
vided with flagella (tig. 32). 

Grasgi and Feletti have urged that the name of Hsemamceba malariae 
should be appropriated to those forms of the Plasmodium which have 
been described as belonging to the recognised typical varieties of ague, 
while the term Laverania malarisB is reserved for the sickle-shajwd micro- 
organism. These ^vriter8 are of opinion that the latter is associated with 
recurrhig attacks and the malarial cachexia. Golyi holds the view that 
the laverania occurs in cases of malarial fever, where the attacks are 
separated by long and indeterminate intervals of immunity. 

Canalis has directed his attention particularly to the study of the para- 
sites which are to be found in cases where the successive febrile attacks 
are separated by more or less considerable intervals, and which, for the 
most part, result in the malarial cachexia. In this connection he has 
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<le8cribed the tife-liUtory of two vArieties of lavorania ; and lie also fiiids 
that the period of matuntioD of onn brood of the [laraaite <!oincidea 
with the development of fever. 

WitboQt entering into details, the anthor wonld obserre that Canalu descrip- 
tion ^>pIleB to cxrtain foma of the hMinatoiooii wbioh be bimself bu obseired 
in a case of reduplicated qoarlao ague with a very im^ular conrae, and in certain 
other paitlcuIaiB the observation is wortby of iiot[ce. Besides tbe asnal anuE. 
boid forms, there were to be seen a remarkable number of pale, homogeneous, 
red blood- corpuscles, and Immediately after the febrile period— a doable parozTsm 
lasting for twelve hours — the blood contained free partloles of protoplasm, ea- 
cloung Goe granular pigment and havJDg attached long and well-formed flagella. 
There were also present small ronnd bodies segmented in the middle and pro- 
vided with long, thick, freely- moving flagclla, upon which black particles were 
scattered (Bee flg. 31.) 

The most ciirions fact noticed was tbe presence, mostly toi^'ards the outer 
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boundary- of the preparation, of r>pirally twisted bodies resembling the spiriUuDi 
of relapsing fever, but thicker and longer than the latter, and farther distin- 
gnished by their outline being broken by very minute pigment particles. These 
bodies were actively mobile in the direction of their long axis. Tbey itever made 
their appearance until some hours after the preparation had been mounted.'" 

CUninlly, as has been said, the case was one of reduplicated quartan agnc. 
and patbolcgioally it was found that distinct generations of the parasite matared 
at separate intervals, their maturity corresponding with the access of fever. 

Besides the paranites deacribed here, the hlood in maluiia uoutains 
pigmented leucocytes. Tlicse, however, are not chnracteristic of th<' 
disease, occurring as they do in other febrile staton, as, for itiHtance, in 
relapeing fever. 

As the result uf tbe foregoing description, it will Ite seen Uint the 
(tarasite of miUarial fever exhibits n singular variety of form. 
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Notwithstanding, there ai-e certain well-established facts available for 
the diagnosis of the disease as it presents itself in European climates. 
An examination of the bloofl at the outset, or during the period of fever ^ 
mil suffice to establisli the nature of the diseane in cases of tertian ague. 
A nnrnber of the red corpuscles mil be seen to he of a i^markdblij pale 
colour J and within some of tJiese pale corpuscles mil Ite found freely- 
moving colourless bodies, containing a fine granular pigment. Some of 
the red corpuscles aix almost quite decolorised^ and within them ilie 
process of segmentation of the hcemamtrlfa into 1^-20 parts niay he more 
or less clearly di^ingtiished. On the other hand, where this process can 
Ite oltserrerl, ami where the segments are fewer — 6 to 8 in number — and 
residt in the charactensfic marigold arrangement, the diagnosis of quartan 
fever may be tnade with equal certainty. 

In view of the great importance of this subject, it is deemed advisable 
to illustrate the foregoing remarks by a figure representing a specimen 
of blood taken from a case of tertian fever at the commencement of the 
paroxysm. The jwle corpuscles contain the plasmmlia (fig. 33). 

This figure is drawn from appearances actuidly observed by the author 
in three cases of tertian fever, and it will perhaps have an additional 
value as affording a means of comjMirison with figs. 27-32, which were 
jMirtly borrowed from other si^urces, and in part merely diagrammatic. 

In cases where the hfemamoeba is found in the blood, together with 
the fonns of laverania just described, the condition may l^e taken to l3e 
one of atypical or anomalous intermittent fever. 

It is unne(!essary to dwell ujwn the great imjwrtance of these 
i-esearches. I5y their aid it has liecome for tlie first time iwssible to 
<listinguish malaria with al)Solute certainty by tlie result of an examina- 
tion of the blocKl, and we have thus acquired an invaluable means of 
discriminating other affections which clcKsely resemble it, as ol)scure 
seiwis, and certain ciises of endocarditis and tul>erculosis.-^ 

4. Methods of Examiningr the Blood for the Parasites of 

Malaria. — No mon^ need be said to impress upon the reader the 

expediency of l)eing able to recognise the principal varieties of this 

interesting parasite. For the purpose is needed an oil-immersion lens and 

a moderately wide ajHirture of the diaphragm, or, still lietter, an apochro- 

20 
matic objective — as Zeiss' apochromatic objective - '- with compensating 

1.40 
eye-piece IV. With such an instnmient very little practice will secure 
proficiency of ol^servation ; indeed, the endoglobular pigmented |)ara8ite 
can be discovered quite as readily as, for instance?, the spirillum of re- 
la})6ing fever. 

For tlie purposes of more precise investigation, and especially to avoid 
the chan<*e of being misled by the process of vacuolation in the red 
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torpu.wles »lLii?li hiis liecn noticed at ]). 37, it is noi/eswiry to resort to 
etniiiing iiietliodi^. 

To distiogiiisb tbc parasite of malmia from simple TticuoUIlDti it will suffice 
to smear the □niter-Enrface of tlie slide upon which a preporaiion is mODnteri 
with some blae Hiiid, as, for inetaBce, a Holntion of aniline dye. The vacuole* 
n-ill then display the same colour h5 exiKta elsewhere In the Held when not occu- 
pied by corpuscles.*" 

The parasite iiiny Ije aiiitjibly sUiiued in the following wu}' :— 
Jlethylene-hlue ik dissolved in normiil (0.6%) salt solution until tlio 
fluid is somewhat deeply i-olouveii Tlie hitter is then filtered, sterilised, 
nnd spt Qi>art in small qiiaiititiee in thoroughly sterilised test^-tulxfs. TIk- 
point of the finger is then carefully cleansed, a drop of the staining fluid 
applied to it, and through this the finger ia pricked with a needle. The 
tlowiug hliioil mixed with the stnining Huid is brought in oontaL-t witli a 
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flQ. 34.— Tlie Blood In TsrtlanAgiioiil ItisCnniincncomeatuIui 
tQcthod: a, FlaBniDdla; A, LiiU(MGjib<a ; c. EoslDDphll'leuooiTtiu 

mimrr »nd open condMnorJ. 

cover-glass, and this is placed preparation -side dowiiwiinlB U]n>u a slide 
and examined. The preparation must he spread in a very thin layer, 
and it is therefore necessary to j^nard against evaporation. This may be 
done by seiding the edge of the cover-glass with jiaraffin-was. It may 
lie examined first with a fairly wide aperture of the diaphragm, and 
aftciwanis with an i>i>on rondenser aiid a good oil-immeisiun lens. 

The Plasmodia, whether enclosed within the riid corpusclea or lying 
free in the blood, are stained u distinct blue of a hght shade, and upon 
this the pigment particles which they exhibit and the process of develop- 
ment which they undergo may be easily discerned. It must be mentioned 
that besides the plasmodia some red corpuscles which are free from them 
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may also take the stain, but with a little attention confusion will not 
arise from this, since the corpuscles in question are stained uniformly 
throughout. Instead of normal salt solution, diluted and sterilised 
ascitic fluid may be employed for mixing the methylene-blue solution 
{Guarnieri and Celli), 

To mount a j)ennanent preiwiration, the blooil should ]>e dried in a 
very thin layer, the cover-glass heated for some time in the usual way, 
and the preparation stained in eosin-methyleue-blue solution (Chenziiiskf/, 
Pleliny^ 

Plehn's solution is as follows : - 

A concentrated watery solution of mcthylenc-blue . 60 partj< 

i''/^ solution of eosin in 75* ^„ alcohol 20 parts 

Distilled water 40 parts 

To this is added 12 drops of a 20'/^ 'Solution of caustic potash. 

The red corpuscles then appear a light red, leucocytes light blue, and 
their nuclei a deep blue, the eosinophil granules of the leucocytes a 
deep red ; the parasites of malaria are stained blue. The method yields 
good residts. 

The methoil of Aldehqff and GalnitAcheicskn for stiiining eosinophil 
cells may also be applied for the detection of these |>ara.sites (tig. 34) in 
the following manner : — 

(Jn cover-glasses prepared as laid down at p. 32, the blooil is spi'ead 
out in a thin layer, and they are then immei*sed in a concentrated alco- 
holic solution of eosin * for half-an-huur in the cold, or for 2-3 minute.s 
with heat, removed and washed with distilled water, then again stained 
by dipping them once or twice into a concentrated watery solution of 
methylene-blue, and finally well rinsed with distilled water. It is neces- 
sary to obtain the bl(x>d rapidly, and to conduct the process without 
undue delay. If this precaution be neglected, the blooil- plates which 
make their apjKjarance (fig. 34 d) may be thought ici have something to 
do with the disease. R. Pcdtauf has directed attention to this as a 
source of fallacy, and it may possibly explain the remarkable* oKserva- 
tions (»f Hochsintjer.'^'' 

It remains to be noticed that Loeffund Pfciffer'^^ have discovered in the blood 
in SMALL-POX certain protoz(»a, to which they attribute a pathological signi- 
ficance. 

2. VorineS.- -I'nder this hwiding we have to descril>e Distoma 
hsematobium and Filaria sanguinis hominis. lk)th are worms — the first 
of the class Plaiotfes and order Trematales^' ; the second of the class 
AnnelideSf order Nematodes^ family Filariadeif. 

1. Distoma Hsmatobium (fig. 35). — Bifhar:'^ has found this jmrn- 

* Eosin bliiulich 22, Bayer, Elberfeld. 
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site ill the main tmnk and branches of the portal vein, in the splenic 
and mesenteric veins, and in the venous plexuses of the bladder and 
rectum. As the result of his investigations, he came to the conclusion 
that more than half the adult Fellaheen and Coptic population of Egypt 
suffered from it Except in the blood, the eggs are more commonly 
foimd than the parasite itself, and this in the liver, the lungs, the 
bladder, the urethra, the large intestine, and the urine (see chapter on 
Urine), giving rise to diarrhoea, haematuria, and ulceration of the mucous 
surfacei^ of these organs. Distoma haematobium has not yet, so far as 
we know, been found in the peripheral blood-vessels, and on this account 
it is seldom seen in the microscopic examination of the blood during life. 
The |>arasite is of a white colour. The male and female are distinct 
individuals. The former is from 12-14 niii^- l<>Mg, the latter 16-19 "^^• 
The male is thicker than the female. There are oral and abdominal 
suckers anteriorly, and the genital opening in either sex lies close behind 




Fio. 35.— Distoma Hrevnatobitun. Miile aud Female, with Eggs, from a preparation by 

Dr. 8chUsi-Bf*f. 

the latter. On the abdominal aspect of the male is a deep trench with 
overlapping edges, which l)egins just behind the abdominal \yove, and 
serves for the reception of the female. 

The eggs are slender bodies, about 0.12 mm. long and 0.04 mm. 
broad, and furnished with a little s]nkp, which pixxjects from the 
extremitv or at the side. 

Riingtr'^ discovered a new form of this worm at Tamsui in Formosa, and 
Manion^^^ found the eggs of the same Mpecies in the bloody sputa of a Chinese 
who had lived for a long j^eriod in Formosa. 

2. Filaria Sangninis Hominis. — Wucherer^^^ is said to have first 
discovered this parasite in Bahia. Dr, Lewis '^' of Calcutta, at all 
events, was the first to describe it as occurring in the living body. 

It is the larva of a filiform worm, which in the mature state measures 
about 40 mm. in length. According to Boume,^^^ the male is ij in. 
long, and carries two spiculse. Tlie larva, as it is found in the blood 
of the living subject, is 0.0075 mm. in breadth and 0-34 mm. long. 
It has a short rounded head, with a tongue-like appendage, and a long 
pointed tail. From the hinder extremity a ribbon-like proeess projects, 
and when viewed with a high jx^wer of the microscope, this, like the 
cephalic appendage, is seen to lie the end of a closed sac in which the 
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Animal can coil or extend itself. Tliis cnvelo{>e ia entirely structure- 
less; but tlie contained parasite is seen under a very high power to be 
trsnsversely striated and very granular. In the blood the animal ex- 
hibits for hours at a ttine the liveliest movements. ^'* At first it seems 
to be homogeneous and transiiarent, but after some hours its motion 
ceases, it assumes a darker tint, and the granular contents of its body 
are easily dificemiblc. 

The parasite is rarely found elsewliere than in tlic blootl and lymph 
of persons who live, or have lived, in the tropics. It has recently, how- 
ever, been met with in temperate climates.-'*'' 

It may infest the hlooil fcir months, or I'ven yews, without giving 




Fia. jS.— Pilaris Songuinia Ilomilil* (nflar Iticii nod Uuckinii. 

iiuy sign of its presence; but coniniouly, by blocking or perforation of 
capillaries and lymphatics, it leads to bsninturia and chyhiriii, or to 
haemorrhage and lymphatic exudation in tlifferent organs. 

It would seem that the parasite is often conveycii by mosquito-bites.-'* 
PairifJ; Marison, Stephen Maclfimie., and others, ^^ have shown tliat in 
jiersons wlio suffer from the presence of Filaria sanguinis hominis, the 
]miBsite is to be found in the blood only at certAJu |>eriods, being absent 
(luring the day, and abounding es|>ccia]ly at night. Hence it is im- 
jwrtant that, when it is sought for, the blocf *hoM lie. taken /lotn tlie 
patient at niffht, an/l fitrtkirifh exainineii. 

VL— OHEBHOAL OHAITOES IN TEE BLOOD 

1, 00101114118: Matter.-'*— The most important constituunt of the 
blood is the Oxyhemoglobin — the combination of the colouring matter 
with oxygen which is formed by the aeration of the blood in the lungs. 
The characteristic spectrum of <lilute solutions of this l>ody exhibits two 
abeorption-bands between T> and K (of Fraunhofer't lines). The bond 
nearest te D is darker, narrower, and more strongly marked ; that next 
to £ is less sharply defineil and broader (fig. 37). 
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When submitted to the action of deoxidising substances, oxyliaBmo- 
globin gives place to Reduced Hemoglobin. The spectrum of this body 
is characterised by a single band, occupying a space about midway be- 
tween the former two bands (fig. 38). 
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Fiu. 37. -!Spectruin of OxyhastuogluUii. 



Under tlie action of acids of all kinds, of strong alkalies, and even of 
COg, hsBmoglobin is broken up into (i) a proteid resembling globulin, 
and (2) the iron-containing lx)dy known as Hsmatin. 

The siMjctnun of haematin in alhalive solution shows an absorption- 
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band lying between C and 1) of Fraunhcifer's lines (iig. 39). In an acid 
solution its spectrum is identical with that of the methsemoglobin acid 
solution (fig. 42). 

Hspmatin in alkaline solution, when treated witli reducing agents, 
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Fi<i. 39.— spectrum of Iliemutin in an Alkaliuc Solution. 

yields Reduced Hsmatin. The spectrum of this body (fig. 40) exhiluts 
two absorption-bands between D and E. If the I'educed solution be 
shaken up with air or oxygen, these -bands disappear again, and the 
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spectrum show.s once more the two absorption-bands of the alkaline 
solution of hsematin. 

Hsematin in combination with hydrochloric acid forms, even from 
minute blood-traces, microscopic, highly characteristic, brown rhombic 
crystals (fig. 41). These crystals were first discovered by Teiehnannr^^ 
They are of the utmost importance, inasmuch as their formation affords 
an admirable test for blood-colouring matter under the most varied con- 
ditions. We shall repeatedly have to revert to this later on. 

To test for haunin crystals, the following plan may be adopted : — 
The substance sup^wsed to contain blood colouring-matter must Ix* dried 
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Fio. 40.— Spectrum of Reduced Heroatin. 

(if not already dry), powdered, and placed uiK)n a slide. A crystal of 
common salt is then added to it, and a cover-glass laid upon the pre- 
paration. A few dro[)s of glacial acetic acid are then allowed to flow 
beneath the cover-glass. The whole is heated to a point below boiling, 
and after a little while, if the substance contains blood colouring-matter, 
hsemin crystals (fig. 41) will l)e discernible by the microscope. 

When an acid solation of hsematin in alcohol is treated with reducing agents, 
a series of colonring-matter derivatives are obtained. Of these, hfpmatoparphyrin 




Fio. 41. — Teichmonn's Uaumiii Crystals (eye-pioce III., objective 8a, Heiehert). 



{Hoppe-Styler)^^ and hexahydro-hcematoporphyrin {Neneki-Sieher)^^ have been 
already isolated. If hsmatoporphyrin be acted upon with tin and hydrochloric 
acid in an alcoholic medium, it yields a body which cannot be distinguished 
chemically or by its spectrum from urobilin {ffoppe-Seylcr).*'* According to C. U 
Ndbdi^ however, this body is otherwise not identical with urobilin. 

This substance can also be obtained from bilirubin by the action of sodium 
amalgam {Maly),^** There is another important derivative of hsematin, which is 
apparently identical with bilirubin. This is Hamatoidin, a substance first dis- 
covered by Virchow^^ in extravasated blood. It was afterwards found in old 
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cerebral clots, in splenic infarctions, bloo<l cysts, &c., and it bas been met with 
in buman arine, in the sputum, and fseces.* 

From these facts, namely, that urobilin can be formed from hsematin by the 
action of reducing agents, and that this substance can also be formed from 
bilimbin, Aencki and Sieber have established very simple relations between the 
oolouring matter of the blood and that of the bile. They have constructed a new 
formula to express the constitution of hsematin, and from this it would appear 
that hsematin is changed into bilirubin by the addition of two molecules of water 
and the removal of one atom of iron, thus : — 



/32 



H32 N4 O4 Fe + 2 HaO - Fe = €32 Ha, N4 0« 



Hsematin. 



Bilirubin. 



It follows from this, according to Nencki and Sitbert that bUe pigment it formed 
from the colow-ing matter of the blood 1 in that its molecules lose iron and take up icatn\ 
Latsehenberger^* concludes, from experiments which he performed on animals, 
that bile pigment, or rather its antecedents, to which he gives the name of Chole- 
gldbin, results from the decomposition of blood colouring-matter, a dark-coloured 
ferruginous pigment being formed at the same time. Choleglobin is elaborated 
both in the tissues and in the interior of cells. 

It seems to the writer not unimportant to consider these views here, in antici- 
pation of much that will have to be said later on concerning the colouring-matters 
of the blood and of the bile, in their relations to one another. 
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Pio. 43. — Spectrum of MothiemogloblD in Acid and Neutral Solutions. 

The colouring inatti^r of the blood forms with oxygen another com- 
pound, called MethsBmoglobin,'^^ which is distinguished from oxy haemo- 
globin by the more intimate union of the O with the Hb. 

The spectrum of methaemoglobin in acid and neutral solutions shows 
four absorption-bands (fig. 42), one well marked (between C and D), 
the other three in the yellow, green, and blue, being less easily seen. 
This spectrum, as already said, is indistinguishable from that of acid 
hflsmatin in alcoholic solution. Any ^lossibility of confounding these 
• two bodies is, however, excluded by the fact that when methceinoglobiii 
is acted upon with sulphide of ammoniiuu, its spectrum gives place, first, 
to that of oxyhsBmoglobin (fig. 37), and after a while to that of reduced 
haemoglobin (fig. 38) ; whilst, on the other hand, a solution of Jicematin 
treated witli ammonium sulphide yields a spectrum exhibiting two 
absorption-bands between D and E (fig. 40). In alkaline solution, the 



* Bee the chapters on' these subjects. 
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Spectrum of inethaBiuoglobin shows tliree bands, viz., a narrow one 
between C and D, but close to the latter, and two broader ones between 
D and E (Jdderholm).^^ 

1. Blood-changes in Dyspnoea. — All conditions which interfere with 
the giving off of COg and the absorption of O in the lungs are attended 
witli certain characteristic changes in the blooiL 

The clinical symptoms of dyspnoea do not fall within our province. 
They result directly from the amdition of the blood, which shows itself 
in the appearance of the }>atient. The arterial blood is laden with 
carbonic acid, and in consequence has a darker colour, and this imparts 
a bluish hue to the visible surfaces — cheeks, lii>s, nose, and finger- 
tips. ^Microscopical examination of the blood shows no changes of a 
special character. And further, in cases of . the most severe dyspnoea 
the blood is never so deficient in oxygen that its spectnim exhibits any 
considerable change, such as, for instance, the disappeanuice of the oxy- 
hsemoglobin bands. i\ LooSy by the application of H^nocque's instru- 
ment, has observed a notably diminished intensity in the oxyhsemoglobin 
bands in three cases of extreme cyanosis, while the pix)portion of con- 
tained heemoglobin was approximately normal ; and it is probable that, 
with greater familiarity in the use of this method, we shall learn to 
distinguish quantitative and qualitative si)ectroscopic changes as a result 
of dyspnoea. 

2. Blood-changes in Carbonic Oxide Poisoning. — In carbonic oxide 
lx)isoning the blooil undergoes a change of colour which is appreciable 
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Fi<j. 43.— Spectnim of c'arboiiic Oxide Hwmoglobiii. 



by the naked eye. It becomes of a bright cherry-i*ed, alike in the 
arteries iind the veins. Spectrum-analysis shows the most important 
change (fig. 43). The two absorption-bands of oxy haemoglobin an? 
replace<i by two others between D and E, but placed slightly nearer to 
the violet end of the spectrum. Tliese Ixinds indicate the union of tlie 
haemoglobin with ciirbonic oxide,*-^-^ and the most important quality of 
this union is, that ihede bands cannot, as in tlie case of oxyhcemoglobin, 
be made to disappear by the action of deoxidising agetUs (ammonium 
sidphide, Stokes' fluid). Carbonic oxide haemoglobin in the blood of 
the living subject may l>e recognised thus : — A few cubic centimetres of 
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blood are Uvkcii from the patient by means of a cupping-glass, and mixed 
with water. Sulphide of ammonium is then added, and the solution is 
placed in a glass vessel with parallel sides, or, still better, the blood 
itself placed by means of Henocque's apparatus before the slit of the 
spectroscope. If the specimen l>e one of blood poisoned with carbonic 
oxide, the two absorption-bands will remain in spite of the admixture 
with the reducing agent, sulphide of ammonium. 

Tlie presence of ciir}x)nic oxide in the blood can also be determined 
by the following chemical test : — To a quantity of blood mixed with 
water a lo i)er cent, solution of caustic soda is added. When the mix- 
ture is slowly warmed, a cimiabar-red colour appears. Under similar 
circumstances a solution containing oxyhaemoglobin will turn brownish- 
green (Hoppe-Sej/Ier, Otto)r^ 

A modification of this test has l)oen suggested by Salkowski,^^ The 
blood to be examined is diluted with water to twenty times its Imlk, 
and a like quantity of a solution of caustic soila (sp. gr. 1.34) is added. 
If the blood contains carbonic oxide, the fluid turns first white and 
cloudy, and i)re8ently a bright reti ; when allowed to stand, red flakes 
form and settle upon its surface. In the case of normal blood, when 
treated in this way, a dirty brown colouration results. Kuniyosi Kata- 
f/ama*8 method ^3- is to add to the blood a little yellow sulphide of 
ammonium and dilute acetic acid. The presence of carbonic oxide will 
then be shown by the apjiearance of a beautiful red colour, whilst 
normal blood so treated turns grey or greenish-gre}'. 

Kunkel and Wehel ^33 employ zinc chloride, or a very dilute solution of 
platinum chloride. With these reagents carbonic oxide blood turns a 
bright red, while normal blood becomes black. Other tests recom- 
mended by Wehel are potassium ferrocyanide, acetic acid, and tannin. 
Bubtier 234 dilutes the blood with four to five times its bulk of acetate of 
lead, which causes normal blood to take a chocolate-brown colour, while 
if carbonic oxide be present it turns red. 

3. Blood-changes in Poisoning with Solphnretted Hydrogen (Hydro- 
tliioncemia), — The investigations of ^oppe-SSeyZe/* ^35 tend to the conclu- 
sion that haemoglobin will enter into combination with HgS, and form 
a substance which that author has called Sulphide of Methaemoglobin. 
It is, however, noteworthy that in the severest cases of poisoning with 
HgS, the two absorption-bands in the spectrum of oxyhaemoglobin are 
never kno^vn to disappear. In such cases, the blood becomes peculiarly 
dark, and sometimes of a dull green tint. And it is further remarkable 
that the distinction ])etween venous and arterial blood entirely disaj)- 
pears {Lewin),^^^ 

4. Blood-changes in Prussic Acid Poisoning. — Preyer ^^ maintiiins 
that hydrocyanic acid forms a crystalline comix)und with haemoglobin. 
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However this may lx>, such a comj)ound has not yet been found in the 
blood of men or animals poisoned with the drug. According to Uoppe- 
Set/leyy^ the union of hydrocyanic acid with haemoglobin is of a very 
unstable character, the resulting body readily decomposing when crys- 
tallised or in presence of putrefaction. 

5. Blood changes in Poisoning with Chlorate of Potash. — Mar- 
charul^^ discovered that when j)otas8ic chlorate was taken in great 
quantities, the blood was profoimdly altered, the most notable effect 
btjing the formation of a sepia-like decomposition product, which was 
afterwards shown to be identical with the methaemoglobin of Hoppe- 
8eyler mentioned above. Large doses of chlorate of potash cause the 
production of methsemoglobin itself in the blood, esjiecially of children. 
Sfokvis and others 2*0 conclude from experiments upon rabbits that the 
exhibition of the salt is not attended with the formation of methiemo- 
globin in the blood of tlie living subject ; while Marchand and Calm 2*1 
have, in fact, obtained this result in certain animals, notably dogs. 
The opinion of the latter ol)servers finds supi)ort in a clinical notice 
of LenhartZj and also in a pathological observation recorded by H, 
Hammerr*'^ 

Chlorate of potash may be easily detected by si)ectrum-analysis 
in fairly dilute solutions of haemoglobin, and the spectrum of methae- 
moglobin, if present, will afford presumptive evidence of the poison. 
Methaemoglobin is produced also by the inhalation of nitrite of amyl 
(Gamgec) and the injection of sodium nitrite into the blood-vessels -^^ 
(HoppeSei/ier), as well as by kairiii, thallin, hydrochinon, pyrocatechin, 
iodine, bromine, turpentine, aether, perosmic acid, pennanganate of 
potash (G. Hayeni), and antifebrin {Ft\ Midler).^** [The nitrites form 
a compound with its oxygen, more firmly fixed than tliat of the oxygen 
in oxyhaemoglobin. They consequently tend to stop internal respira- 
tion, but are more readily displaced by the products of asphyxia than 
is carbonic oxide liaemoglobin, and so again permit the aeration of the 
blood at the lungs.] 

6. Poisoning with Nitrobenzol. — It has been asserted ^^^ that in dogs 
poisoned with nitrobenzol the spectroscope has shown blood-changes 
attributiible to the presence of haematin. It would seem, then, that in 
any case of suspected poisoning by this means in the human subject, the 
blood should be examined in this direction by the spectroscope. 

7. H»moglobin«mia.**^ — By this term is meant the condition in 
which liaemoglobin is found dissolved in the blood. It is followed by 
Ili^inoglohinuriay whenever the spleen and the liver are une<iual to the 
task of eliminating the materials derived from the destniction of the red 
blooil-corpuscles within the vessels. 

The presence of free colouring- matU»r in the blood may easily Im? 

K 
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determined tliiis : — A little of the ])lood, drawn from the patient by 
means of a cupping-glass, is placed immediately in a refrigerator, and 
allowed to remain there for twenty -four hours. If the blood is normal, 
perfectly clear yellowish-coloured serum will settle ; whereas, if liaemo- 
globinsemia be established, there will be seen over the blood-clot a 
beautiful transparent ruby-red stratum. The spectroscope shows in the 
case of normal serum a feeble absorption-band in the blue part of the 
spectrum {at F), Siiid to be due to lutein {Thudicu7n) ;'*'^ wliilst with 
serum containing colouring matter it shows the two absorption-bands of 
oxyhaemoglobin. The following method may also be employed : — Blood 
serum is made to coagulate by heating it to yo^-So" C. If it contains 
dissolved colouring matter it will appear of a more or less deep brown 
colour, whereas healthy blood-serum when coagulated is light yellow and 
of a milky turbidity. This method serves well for the detection of 
liaBmoglobinsemia. -*^ 

8. Becognition of Cliaiiges in the Colouring Matter of the Blood. — 
The changes in the character of the blood referred to above are cliiefly 
to be estimated ])v means of the s]>ectroscope. Very perfect little 





Fig. 44. — Heriiig's Spectroscope without I^uso». 



instruments for clinical use have been invented by Desega of Heidel- 
l)erg, Zeiss of Jena, and Hoffmann of Paris. Browning's sjjectroscope 
is also very suitable for the purpose. 

To use one of these, artificial or day light is made to fall upon tli(^ 
slit of the instniment. The telescopic tube attached to the apparatus 
is focused until a spectrum is clearly defined, and if daylight be em- 
ployed, the slit-like aperture is narrowed so as to bring Frauidiofer's 
lines clearly into view. The blood-solution to be tested is then fixed 
l:)etween the aperture and the light. If the fluid be too concentrated, 
it must be diluted beforehand. If the light be artificial, whether from 
a lamp or some other source, it is well to place a little common salt or 
some other salt of sodium in the flame, in order to define the situation 
of the sodium line. H6nocque's instmment is applicable to the same 
purpose. 

Very good results have been obtained in the investigation of Ijlood 
spectra with the aid of E, Uerings 2*^ " Lensless Spectroscope,^^ an instru- 
ment which especially commends itself to the practitioner hy reason 
of its cheapness. It has been employed by the author together with 
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Browning's pocket-spectroscope, and shown itself to be quite as service- 
able. The lensless spectroscope consists of two tubes, one sliding >vithin 
the other, and of about 2\ cm. diameter. Of these, the outer one is 
closed at its free end by a plate in which is a slit with a parallelogram 
adjustment (fig. 44 c). The two ])arts of the plate which support this 
jmrallel adjustment carry also a pair of clips destined to hold in posi- 
tion a rectangular glass vessel or test-tube containing the fluid to be 
examined.2^ 

The tubes are lined with black, and the inner one (a) is provided at 
(/) with a diaphragm to intercept reflected light. At that end of the 
inner tube which is turned towards the observer, a prism (<Z) is fixed 
in such a position that the spectrum is formed in a plane at right angles 
to the proximal end of the tube, which is oblique, not vertical, in section. 
In using the instrument, the eye must be directed at right angles to this 
section, and not in the long axis of the tulw. The tubes must also be 
adjusted in such a manner that the spectrum is well defined and accu- 
rately rectangular. 

When this is done (by manipulation of the two tubes), a small but 
very clear spectrum is obtained, in which the yellow is little developed, 
but which very plainly exhibits absorption-bands such as those of oxy- 
haemoglobin and urol>ilin. The instrument servos admirably for the 
investigation of these bodies in blood and urine. Heuocque's apparatus 
is the most appropriate for the examination of undiluted blood.* 

2. ProteidS of the Blood. — The prot^ids of the blood are 
diminished in all crises in which the total quantity of that fluid is 
greatly lessened — temporarily, therefore, in haemorrhages of all kinds. 
A permanent diminution of proteids occurs under such conditions as 
disturb unfavourably the balance of waste and repair, whether of the 
bloo<l itself or of its contained albumin. Tlius, in all diseases which 
are attended with long-continued and excessive destruction of proteids 
in the system, these Ixxlies are found to be projwrtionally wanting in 
the bloocL It should be remarked, however, that such processes must 
])e long continued before this efiect is reached, especially where the 
digestive functions remain unimpaired. As a rule, a diminution of 
proteids goes liand in hand with an unduly watery state of the blood 
{JiydrcBinioL), 

Hoppe-Sei/lei'^s^^ method is, perhaps, the best for iletermining the 
proportion of proteids in the blood; but we shall not describe it 
here, because it is very complicated, and its results are not altogether 
accurate. 

The occurrence of an a])solute increase of proteids has not yet been 

* This instrument can be had of Bothe^ of Prague, for five florins. 
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established on satisfactory evidence. A relative increase is known to 
happen in such diseases as are attended with the withdrawal of water 
from the system more rapidly than it can be supplied, as in cholera and 
acute dian-hcea. 

In pneumonia and erysii)el{us there is an increase of fibrin. Hoppe- 
Sef/ler-^^ has devised a method for the estimation of the quantity of 
fibrin in the blood, which is at once simple and adapted to clinical 
purposes. It may be described as follows : — A beaker of about 80 cc. 
capacity is provided with an india-rubber cap, perforated in the middle 
by a close-fitting rod of whalebone. These are dried and weighed Next, 
30-40 cc. of ])lood, tiiken from the Ixxly of the patient with a cupping- 
glass, are platted in the l>eaker, which is immediately covered by the 
india-rubber «ip and its whalebone rod. The blood is then defibrinated 
by beating it up with the whalelwne rod, allowed to cool, and weighed. 
The cover is removed, and the beaker filled with water and beaten up 
agam. The fibrin is allowed to settle, washed with a solution of salt, 
and placed upon a filter whose weight is known. Here it is again 
washed with water until the fibrin is almost free from colouring matter. 
It is next boiled with alcohol (to dissolve fat, lecithin, and cholesterin), 
dried at no**- 120** C, then cooled, and weighed over siUphuric acid. 

E, Ludwifj '^^'"^ and the author have found peptones present in great 
quantity in the l^lood in leukaemia. Devoto^ on the other hand, failed to 
detect peptone in this condition, and Dr. Wagner (of Petersburg), by 
examining fresh leuksemic blooil according to Devoto's method, likewisti 
obtained a negative result. The same blood m a state of decomposition 
showed abundance of peptone. In a second case in which the author 
has applied Devoto^s method to the examination of leuksemic blood no 
^xjptone was found, and the same ])looil tested after death by this method 
appeared also to be free from i)eptone, while Hoffmeister's process showed 
abundance of that body. 

Further investigation is needed to explain the different results alluded to. It 
is most likely that one or other of the two methods will serve for the detection 
only of certain peptones. The observation of Devoto and Wagner^ from which it 
appears that Devoto* 6 method will not show the presence of peptone in leuksemic 
blood which has been drawn during life, while in post-mortem blood it will, is of 
much interest. In a third case — one of splenic leukaemia — the author has lately 
found much peptone by both methods in the blood during life. 

To detennine the presence of i>eptones in the blood, it is neccjssary 
first to remove the other proteids by the action of metallic oxides, or by 
coagidation with anmionium sulphate, and then to proceed in the manner 
indicated in the chapter on Urine. 

8. Ure&« — Urea occurs only in traces in healthy blood {J. Firarff).-'^'* 
The following method will serve to detect its i)resence : — Blood is 
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tliluted with 3-4 times its volume of alcohol, the mixture allowed to 
stand for twenty-four hours, and filtered. The precipitate is washed 
on the filter repeatedly with more alcohol, the filtrates are mixed, and 
the alcohol distilled off. The residue is treated with nitric acid, and 
the resulting crystalline pulp allowed to stand for some hours, when 
the crystal masses which have formed are pressed l>etween folds of 
l)lotting-pai)er, dissolved in water, and treated with carbonate of baryta 
until carbonic acid ceases to form, and dried on a water-bath ; the dry 
residue is then extracted with boiling absolute alcohol. On evaporation, 
the urea remains in long slender prismatic crystals l)elonging to the 
rhombic system. If enough blood has been tj\ken (at least 200-300 cc), 
or if the blood happens to contain urea in large quantities, the following 
tests may l)e performed with the resulting crystals : — 

1. Dissolve some crystals in a drop of water upon a slide, add a drop 
or two of mmlerately strong pure nitric acid, and apply a cover-ghuss. 
When looked at through the microscojx^ the characteristic hexagonal 
j)lates of nitrate of urea will be seen. 

2. To a somewhat saturated solution of the crystals add a little 
metallic mercury and a drop of nitric acid, and heat ; gas (CO.^ and N) 
is rapidly evolved. 

3. Heat the dried crysUils in a test-tube, add a trace of caustic soda 
find a drop of dilute solution of sulphate of copp)er. A violet colour 
(biuret) indicates the presence of urea. 

4. Over a crystal of urea pour a drop of fairly concentrated watery 
sf»lution of furfurol, and add immediately a drop of hydrochloric acid 
of 1. 10 sp. gr. A play of colours takes place from yellow through gi*een 
and blue to purple-red (Sehiff).^^ 

This reaction does not occur with uric acid, but is yielded by allantoin, though 
less promptly and clearly than by urea. It is given, moreover, by a number of 
other bodies.'-"' 

When the above method * fails to exhibit the presence of urea — as, 
indeed, usually happens in testing blood, on account of the very small 
quantity of that Ixxly which it contains — resort must be had to the 
more accurate process of H<>ppe-Seii1ei\^^ which can also Ix* emj^loyed 
whenever a quantitative analysis of urea is attempte<l. 

[ffayeraft^'^ recommends the following method: — 20 cc. of blood are defibri- 
nated and spread in a thin layer on a parchment-paper dialyser. This is then 
floated on the surface of 50 cc. of absolute alcohol in a suitable vessel, where it 
remains for twelve hours, the surface being kept moist by adding distilled water. 
To the diffusate is added an equal bulk of concentrated oxalic acid solution, and 
it is evaporated to dryness. To the residue is added naphtha-petroleum to remove 



* The method has been described here because it serves well f(»r the purpose of 
examining the secretions and excretions generally fur urea. 
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fats. The purified residue is then dissolved in a little water and barium car- 
bonate added, next evaporated, the residue treated with boiling alcohol and 
filtered. On concentrating the filtrate urea crystallises out, and may be sub- 
mitted to the tests already described.] 

Ih\ Miiitzer has devised tlie following plan for the estimation of urea 
in the blood : — The latter is treated with absolute alcohol and filtered, 
&c., iis above, the alcoholic extract evaporated, and the residue dissolved 
in water. This is then submitted to Hvfner^B process (see chapter on 
Urine), 

The method is not, perhaps, very exact, but by its means Miinzer has 
determined the presence of great quantities of nitrogenous bodies in the 
blood in cases of uraemia. 

Von Schroder's method ^^ is, perhai)s, the most delicate of all, but, on 
account of its minute details, it is hardly applicable to clinical purposes. 

Urea is found in mcreased quantity in the blood whenever its elimi- 
nation is interfered with, either by disease of the kidneys or obstruction 
of the urinary passages. 

V, Sehrijder has shown that the formation of urea probably takes place in tlie 
liver. 

4. Uric Acid and Xanthin Substances. 

!• Uric Acid. — Garrod found uric acid to the amount of 0.025- 
0.175 in a thousand in the blood of persons suffering from gout. It 
must l>e o]>served, however, that his method of testing for this substance 
wjis far from exact. ^^^ 

He took about 30-35 grms. of blood and allowed it to coagulate. Ten cc. of 
the serum were then mixed with a dilute acetic acid solution in the proportion of 
I : 10, and a delicate thread was placed in the fluid. When the blood contained 
not less than 0.025 P^^ ^^^^^ ^^i^^ acid, it was found that, after twenty-four to 
forty-eight hours, the thread was covered with uric acid crystals. 

In a few instances only did he precipitate from the blood with alcohol, and 
apply the murexide test. Ahcles^^ has freed the blood from proteids by the 
Schmidt- MtUheim process, and then tested for uric acid by Ludwig and Salkowski's 
method. Salomon '^ has observed an increase of uric acid in the blood during 
the acute attack of gout. 

For the detection of uric acid in the blood, the following procedure 
may be adopted:-^"* — 100-300 grms. of 1)1 ood are removed by cupping, 
and at once diluted with 3-4 times the bulk of water, heated on tlie 
water-bath, and, when coagulation l)t»gins, treated with a few drops of 
acetic acid (sp. gr. 1.0335 at 15** C.) until it has a feebly acid reaction. 
It is left on the boiling water bath for 15-20 minutes, then removed 
and filtereiL The precipitate on the filter is repeatedly wjished with 
hot water and added to the filtrate. The fluid, which should now have 
a slight yellow tinge, is again treated with a little acetic acid (np. gr. ji« 
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before), boiled over a flame, allowed to cool, and filtered. To the filtrate, 
when cold, is added a little sodic phosphate, and it is then submitted to 
the Ltidwig-ScUkowski process. Should it happen that the pure blooil 
is deficient in salts, it may not coagulate on the water-bath so as to 
yield a sufficiently clear filtrate. This may be remedied by the addition 
of a little common salt. 

The filtrate obtained by the Salkowski-Lndiciy process, after the 
addition of hydrochloric acid, is evaporated to the bulk of lo cc, and 
allowed to stand for twenty-four hours; then, if visible crystals are 
deposited, these are obtained on an asbestos filter, washed first with 
cold water and then with alcohol ^^^ 

1. Examine some of the crystals under the microscope. The character- 
istic whetstone forms, and sometimes the rhombic tables, of uric acid 
crj'stals are seen (figs, no, in). 

2. Some of the crystals may be submitted directly to the murexide 
test (see below). If there should be no precipitate, or only a very slight 
one, after the addition of nitric acid, the fluid containing hydrochloric 
acid should be evaporated to dryness on a water-bath, pure nitric acid 
added, and this again driven off by heat. To the residue is applied, by 
means of pipettes, at one part a trace of ammonia, at another a little 
caustic soda solution. If uric acid be present a red or purple coloration 
develops at the spot touched by ammonia, and a blue round the soda 
(murexide test). Xitric acid in the test may be replaced by bromine- 
water, or chlorine-water, or nitrous acid (v. Jaksch),^^ The latter serves 
particularly well. The use of bromine- water or chlorine- water as re- 
agents has for its object to distinguish between uric acid and the 
xanthin bases. 

The quantitative estimation of uric acid in the blood may be effected 
in the same way. The blood is first freed from albumin, and Saikotcski 
and Ludwiffs process applied. -*^^ 

The blood in health does not contain uric acid in appreciable quantity. 
Certain morbid states are marked by its appearance there. In croujwus 
pneumonia it may amount to 0.008 gnn. in 1 00 grms. of blood. It is present 
also in renal disease (acute and chronic nephritis and contracted kidney), 
in severe anaemia — finally, in all conditions which induce dyspnoea, 
notably in heart-disease and pleurisy. It is absent from the l)lood in 
articular rheumatism and typhoid. It would ap^war that the febrile 
state, as such, never leads to the production of uric acid in the blocxl. 

From what has been said it follows that the presence of uric acid in 
the blood is not characteristic of gout alone, and that it has not, there- 
fore, the diagnostic significance imputed to it ])y Garrod, 

2. Xanthin Bases. — Xanthin su])stances have In^en found in the 
blood by various observers. -^^ They are closely allied to uric acid, and 
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the principal are xanthin and liypoxanthin. Very probably adenin, 
paraxanthin, and guanin also occur. They may be detected in the 
filtrate after the removal of uric acid in SalkoicsM and Lndicicfs process, 
by the modified murexide test already described (p. 71), and ])y washing 
the coloured residue after the application of the reagents mentioned 
there {v. Jak^ch), 

5. Carbohydrates. 

!• Grape-Sugar. — in health the blood contams a minute quantity 
<»f sugar. To detect its presence there, tlie blood must first be freed 
from proteids, and for this purpose tlie old method of Claude Bernard ^^^ 
is the best. The blood is weighed, and its own weight of crystalline 
sodic sulphate is added to it, and the mixture is boiled and filtered. 
Tlie filtrate may be tested for sugar as below. Another method for the 
removal of i)roteids is to rub the blood in a mortar with solid ammonium 
sulphate, and filter. In this case also the filtrate is free from proteids, 
and the fact may be ascertained by testing it with alcoholic solution of 
zinc chloride {Alleles), 

1. Maoris fed will serve where sugar exists in imy quantity. (See 
chapter on the Urine.) 

2. 2Vommer^8 test. (See chapter on the Urine.) 

3. The phenyl-hydrazin hydrochlcn^ide test is the best for detecting 
slight traces of sugar in the blood. It is conducted as follows {i\ 
Jaksch) : -• i— 

Add together two parts of phenyl-hydrazin hydrochloride and four 
l)arts of acetate of stxla ; add water mid heat. Take 5 cc. of the i)roteid- 
free filtrate (which is practically a saturated saline solution), o])tained 
by Claude Bernard's process, and while still warm add it to 5 cc. of the 
solution prepared as above. Place the mixture in a test-tube half filled 
with water, hent it for half-an-hour on a water-bath, and allow it to 
stand. Or a little of the phenyl-hydrazin Siilt and acetate of soda may 
l>e added in a dry state to the warm i)roteid-free filtrate, and the jirocoss 
<:onducted as descril^ed alxwe. After it has cooled, when examined 
imder the microscoi)e, it is seen to contain sei)arately and in clusters the 
characteristic yellow crystals of i)henyl-glucosazon scattered amongst 
<'()lourless crystals of sulphate of soda. (See chapter on the Urine.) 

To determine the percenttige of sugar in the blcMwl, Fehling's fluid 
may ])e employed (the blood having been previously freed from protends) 
in the manner afterwards to l)e recommended for testing for sugar in the 
urine, and the polarimetric test* may ])e applied. It seldom hap]>ens, 
however, that the filtrate contains sufficient sugar to be a])preciabl(* with 

* See chapter on the Urine. 
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the polarimeters at present in use. LippiclCs instrument is the most 
sensitive, and gives the best results in this connection. 

[Pavey'i method, if somewhat tedious, serves well for the estimation of sugar 
in moderately small quantity. The process may be divided into three parts : — i. 
40 grms. of sodic sulphate are placed in a beaker, and 20 cc. of blood added. 
The beaker and its contents are weighed ; the mixture is stirred, and about 30 cc 
of a hot concentrated solution of sodic sulphate added. The mixture is heated 
till a coagulum forms, when the fluid is poured off, the coagulum washed, and 
the washings added to the fluid in another vessel, which is then boiled and 
filtered. 2. The filtrate is boiled, and an equal quantity of the copper test 
solution added. The resulting suboxide of copper is collected on a glass-wool 
filter and washed. It is then dissolved with a little peroxide of hydrogen and 
nitric acid, boiled to drive off the excess of peroxide, and filtered through glass 
wool, which latter must be carefully washed. The filtrate contains the copper in 
the form of nitrate. 3. The copper solution is placed in a vessel into which a 
cylinder of platinum foil of known weight, connected with the negative pole of 
a galvanic battery, is suspended. Within this a platinum spiral is made con- 
tinuous with the positive pole of the battery. The current is allowed to flow for 
twenty-four hours, when the cylinder is removed, washed in distilled water and 
alcohol, and weighed. The amount of copper deposited is the basis of a simple 
calculation. One part of copper corresponds to .5678 parts of sugar ; hence the 
quantity of sugar in the blood used may be obtained by multiplying the weight 
of copper deposited by this figure. 

Claude Bernard* i"^^ method : — Place 20 grms. of crystallised sodic sulphate in 
each of six porcelain capsules, and to each add 20 grms. of the blood to be inves- 
tigated. Mix the blood and salt together ; boil them till the froth above the clot 
becomes white, and the clot itself is free from red specks ; weigh again, and 
make good the loss from evaporation by addition of water. The whole is then 
placed in a small press, and the fluid part expressed, collected in a capsule, and 
afterwards filtered. The filtrate is placed in a burette. In a flask place i cc. of 
Fehling's solution, and to it add a few small pieces of caustic potash and 20 cc. 
of distilled water. Boil this fluid, and from the burette allow the clear filti*ate 
of the blood to drop into the boiling dilute Fehling's solution until the latter 
loses every trace of its blue colour. As in all sugar estimations, the process must 
be repeated several times to get accurate results. Hence the reason why several 
capsules are prepared. 

Read off the number of cc. used of the filtrate in the burette, e.g., = n cc. 
The formula 



n 



in grammes the weight of sugar per kilogramme of blood. 

In Seegm'$ method,^-* which may be taken as the type of the newer methods, 
the proteids are precipitated by ferric acetate. The blood is diluted with 8-10 
times its volume of water, acidulated with acetic acid, and heated. When the 
precipitation of proteids commences, render the mixture strongly acid by the 
addition of acetate of soda and perchloride of iron ; then add sufficient sodic 
carbonate until the mixture is faintly acid, and boil. Allow it to cool, and filter 
it through a fine cloth filter, free from starch. The filtrate ought to be clear. 
The residue on the filter is washed several times with water, and the remaining 
fluid in it expressed by means of a small hand-press. The expressed fluid is then 
mixed with the clear filtrate if the mixture has a slightly reddish tint from the 
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admixture of a small quantity of blood-pigment. Add a drop or two of per- 
chloride of iron to precipitate the last traces of the proteids. Filter again. The 
sugar in the filtrate is estimated in the usual way by means of Fehling's solution.] 

In diabetes large quantities of grape-sugar are found in the blood. 
Hoppe-Seyler^"^^ describes a case in which it reached as high as 0.9 per 
cent. The researches of Freund '^^ would make it appear that a deoxi- 
dising substance — presumably sugar — exists in considerable quantity in 
the blood in cases of carcinoma. This has been substantially confirmed 
by Trinkler,^^ 

2. Glycogen. — Salomon and Fr, v. Frericlis ^^ have studied the ques- 
tion of glycogen in the white blood-corpuscles. Gabritschetcsky ^^ dis- 
covered that this body occurs partly in the protoplasm of leucocytes, and 
partly as free granules in the blood both of health and disease. For its 
detection the blood is spread in a thin layer between two cover-glasses, 
and dried in the air. A concentrated solution of gum arabic containing, 
in 100 grms., i grm. of iodine and 3 grms. of iodide of potassium, is 
taken, and a drop is allowed to flow between the cover-glasses. The 
presence of glycogen-containing leucocytes, which are the same as the 
neutrophil cells described at p. 31, and also free granules of glycogen, is 
made evident by a more or less deep brown coloration, whether of leu- 
cocytes or granules. In health the blood examined after meals exhibits 
little or no increase of glycogen. In diabetes and leukaemia the glycogen 
reaction is very pronounced (see Chaps. IV., VII., VIII.). 

8. Cellulose. — According to Freund -^^ the blood of tubercular 
patients contains cellulose. For the detection of sugar, cellulose, and tht; 
carbohydrates generally in the blood, the process of Baumann and 
Udvansky^^ may be employed with advantage. This is based upon 
the fact that the carbohydrates are precipitated from their watery solu- 
tions by the addition of benzoyl chloride and caustic potash, forming insol- 
uble compounds. This combination of the carbohydrates with benzoyl 
chloride when treated with svdphuric acid yields furfurol, a body which 
may be recognised by its characteristic colour-reaction. 

6. Ol^aniC Acids in the Blood {Lipacidcemia), — Traces of 
volatile fatty acids are sometimes present in the blood. The author has 
frequently met witli them. For their detection 20-30 grms. of blood 
are taken from the patient by means of a cupping-glass, an equal 
weight of sulphate of soda added, and the whole boiled and filtered. 
The filtrate is evaporated to dryness, and the residue extracted with 
absolute alcohol. The alcoholic extract in a large number of cases 
contained no fatty acids, but, on the other hand, these occurred in 
traces whenever looked for in fever and leukaemia, and occasionally in 
diabetes.-®^ 
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Lactic acid is also sometimes met with. Xormal venous blood has 
been said to contain 0.0079 P^^* cent, of sarcolactic acid (Berlinerblau), 
In regard to the latter and its tests, the reader may be referred to the 
statements of Hoppe-Seyler and Berlvierblau,^^ L. Hougounenq ^^ haa 
found ^-oxybutyric acid in the post-mortein blood of diabetes. 

7. LipSBinia. — The blood invariably contains small quantities of fat^ 
While digestion is in progress it abounds in this substance normally ; 
but a permanent excess of fat is also a phenomenon of certain morbid 
states. The blood in such cases is altered to the naked eye. It is 
turbid and usually paler than in health. ' Under the microscope a num- 
ber of minute strongly-refracting globules are seen floating amongst 
the proper cellular elements. The white corpuscles also often contain 
fatty particles. [The lipsemia of diabetes gives the blood a pink or 
strawberry colour, and on standing a creamy layer collects on the 
surface.] If any doubt remains in a given case as to the nature of these 
particles, the addition of aether will settle the matter. If they are fatty, 
a drop of aether poured upon the slide will dissolve them and cause them 
to disappear. 

Lipsemia has been met with in chronic alcoholism, chronic nephritis, 
and severe cases of diabetes. It also occurs in wounds of the medullary 
cavity of bones (emlx)lic lipaemia) when fluid fat passes into the blood. 

8. CholSBinia. — By this term is meant the condition in which the 
constituents of tlie bile are found in the blood. In this connection the 
biliary acids and colouring matters (bilirubin) are the points of chief 
interest to the physician. And of these, again, the biliary acids must 
probably be regarded as the real toxic agents, involving great possibili- 
ties of mischief, leading to the disintegration of the red corpuscles, and, 
as a consequence, to haemoglobinaemia, disturbing the innervation of 
the heart, and slowing the pulse. Even where such symptoms an* 
present, however, the (quantity of biliary acids in the blood is always 
very small — so small at times as to escape detection by the chemical 
method presently to lx» detailed. Tliis metho<l, neverthelesis, deserves 
to be described, since it will serve where the biliary acids exist in com- 
parative abundance in the blood, and in all cases where the secretions 
are tested for bile. We shall, therefore, iutrcHluce it here : — 

The blood ^sij to l)e examined must first be freed from j)rotcMds by 
pK^cipitation with alcohol, or boiling it after dilution and filtering. 
The proteid-free filtrate is treated with acetate of lead and ammonia. 
The biliary acids combine with the lead and are precipitated as lead 
salts. The precipitate is w^ashed with water on a filter, Iniiled in 
alcohol, and filtered. Carlwnate of 80<la is added to decomiM>se the lead 
S4ilt. The solution is again filtered, evaj^orated to dryneSvS, and the 
residue extracted by lx>iling with absolute alcohol. On evaporation, the 
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bile salts will crystivllise out, or a dull amorphous substiuice may n*- 
main, from which the crystals can be derived by the addition of aether. 
The amorphous substance itself may be tested for biliary acids by Peiten- 
Aqfer's ^^^ method. This test depends upon the reaction of cholalic acid 
in presence of cane-sugar and sulphuric acid. To apply it, dissolve 
some of the crystalline or amorphous residue, obtained as above, in 
water; add two-thirds its bulk of sulphuric acid slowly, so that the 
temperature may not be raised above 60". To the mixture now add a 
few drops of a solution of cane sugar (i t<^ 5 of water), and a beautifid 
violet colour indicates the presence of biliary acids. According to 
MyliuSj^^'^ this test depends on the fonuation of furfurol from grape- 
sugar, which then gives a play of colour \nt\i the bile acids. The 
reaction may also, therefore, be well displayed with furfurol. ^^s 

Macl'aifs'^^^ physiological test may sometimes serve for the detection 
of these substances in the blood. It depends upon the action of bile 
acids, as observed in experiments, on the atropinised frog's heart. 

If a known quantity of blood l)e taken, tlie pro]xjrtion of bile acids 
in the blood may be determined in the manner described a]K)ve. Eftbrts 
have been made, unsuccessfully, to Imse an analytical test upon the 
polarisation phenomena of biliary acids. 

Bilinihin may be recognised by testing the serum obtained from 
blood which has l)eon allowed to coagulate on ice by any of the methods 
described later on {vide chapter on tlie Urine), Hupperfs test is the 
l)est for this purpose. 

The same thing may be dune more simply in a manner which the 
author has recently adopted. Blood is taken from the patient with a 
cupping-glass, sterilised in a fairly wide cylindrical glass, and allowed to 
stand for an hour or two. The serum is then drawn off with a pipette 
forced through an asbtistos filter by means of an aspirator, and placed 
in a test-tube. It is then shaken into froth. If bile pigment be present, 
this froth is yellow. In all other cases (as, for instance, in haemoglobin- 
lemia, where the serum itself is tinted) the froth is quite colourless. '-*^^ 
^roreover, if more of the serum be now taken and left for three or four 
hours in a warm chamber at 35** C, the deveh^pment of an intense green 
colour will mark the formation of biliverdin. A mere trace of bile i)ig- 
ment will cause this green colour to ap|)ear, whereas nonnal s(*rum 
remains unchanged. A still simpler plan*-^^ is to cause the blood-scrum 
to coagulate slowly at yo^-So" C. If nonnal, it will show a milky 
yellowish tint ; but if bile colouring matter ])e present, this is replaced 
by a green colour of varying intensity, according to the projmrtion of 
biliverdin fonned from the bilirubin during the heating. In this way 
the author has demonstrated bile pigment in the ])lood when none could 
be found in the urine. He has also observed that in nearly every cas(j 
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where urobilin exists in the urine, bilirubin may be found in the blooiL 
This is an inii)ortant fact, as showing that bile pigment circulating in 
the blood is transformed in the system — prolmbly by the kidneys — into 
urobilin. 

The microKopiecd examination of jaundiced blood generally shows nothing un- 
usual. According to Silbermann,^^ this condition in newly-born infants is marked 
by the following changes : — The red corpuscles are more or less disintegrated ; 
thev are often pale, or exhibit only round the pale centre of the corpuscle a ring 
of haemoglobin of normal tint. Blood-plates, macro- and mlcro-cytes, and poik- 
ilocytes are to be seen, together with nucleated red corpuscles and corpuscle- 
holding cells. In a case which came under his own observation, however, the 
author failed to find such appearances. They are not to be regarded as constant 
in jaundice. 

9. UrSBinia.^^ — When urinary products accumulate iii the blood, 
the condition is termed Uroemia, The retention of these products is 
marked by certain well-defined phenomena, even though we are not at 
present able to refer them to the action of any one substance in parti- 
cular. The assumption that the poisonous material is urea, or carlx)nate 
of ammonia resulting from its decomposition, has been disproved. It is 
now believed that the symptoms of uraemia are due in general terms ta 
the excessive accumulation of fixed products in the blood. The interest- 
ing researches of Bouchard ^^ go far to show that they may be referred 
to the toxic effects of certain bodies resembling alkaloids (ptomaines) 
normally existing in the urine. Stculthagen, on the other hand, asserts 
that no such substances can l)e found in the urine. Uraemic blood 
shows an increased quantity of urea and extractives. In a number of 
cases rei)orted by H arbor zewskif^^ no increase in salts was noted, even 
in the salts of potash. The author himself, jis also Peiper, has in 
sevend instances observed that the alkalinity of the blood was gi-eatly 
less than normal,-^ and in some cases there was an excess of uric 
acid.^^ There are no other characteristic changes to l>e noticed as 
occurring in the blood in uraemia. 

10. AmmoiliSBIIlia. — Of this condition very little is yet known. 
From observations hitherto made, it wouhl appear that the poisonous 
phenomena are due to the action of some boily — probably an alkaloid — 
introduced into the system by absorption from the diseased bladder. 
It would be essential in such cases to examine the blood for ptomaines 
and toxalbumins. 

11. AcetonSBinia* — This tenn is applied to a condition in which 
the blood is surcharged with acetone. Deichmiiller and the author -'^^ 
have succeeded, by extracting the blood with aether and subsequent dis- 
tillation, in sepaniting from it a substance which gives the reactions of 
acetone. In many morbid stiites, and especially in fevers, it is found in 
considerable quantity. 
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12. Changes in the Salts of the Blood.— The blood contains 

about one-half per cent, of cliloride of sodium, ^^ and this quantity 
remains constant, whether much salt be taken with the food or not. 
Moreover, SchenA-^^ has shown tliat in fevers, ivs, e.g., pneumonia, 
where the chlorides disappear from the urine, the proportion of salt in 
the blood is not notably altered. 

In rickets and osteomalacia the salts are diminished. 

The blood of tubercular patients, according to FreAind,^^^ is relatively 
deficient in sodium salts and phosphates, whilst at the same time the 
«dt8 of potash are incretised. 

The tests and methods for the qualitative and quantitative analysis 
of the salts of the blood are to be found in the various textbooks of 
physiology and i)hysiological chemistry.**^*- 

[Note on the specific Gravity of the Blood. —Ilamnierschlag^s method for determin- 
ing the specific gravity of the blood is a modification of Roy's, with the advantage 
that it can be much more rapidly and conveniently applied. A mixture is made, 
in a suitable vessel, of chloroform and benzol, two liquids of widely differing 
specific gravity and which are freely miscible. In this mixture a drop of blood 
is placed, and by the addition as required of more chloroform or benzol, the 
density of the liquid is altered until the blood remains suspended in it. When 
this point is reached, the specific gravity of the liquid is ascertained in the usual 
way. That of the blood is of course the same. Chloroform and benzol may be 
supplied from two pipettes, and the whole proceeding may be accomplished in a 
few seconds. This method has given the most satisfactoiy results ; and it dis- 
penses with the troublesome necessity of preparing a series of solutions. ***] 



CHAPTER II. 

THE BUCCAL SECRETION. 

The saliva is a mixed secretion, derived in part from tlic mucous glands 
within the mouth, and partly from the parotid, submaxillary, and sub- 
lingual glands, which open by ducts within that cavity. Any dispro- 
|K)rtionate activity, whether in health or disease, of one or other of these 
glands will be attended with a corresponding mcnlification of the physical 
and chemical characters of the saliva.^ 

[To obtain the sidiva fairly pure, the patient should be made to Wiish 
his mouth with a warm solution of bicarbonate of soda, and afterwanls 
with cold water. The inside of the mouth should then be lightly 
touched with a ghiss rod, moistened with dilute acid, and the secretion 
collected.] 

I. NAKED-ETE APPEABANCES OF THE SALIVA.— The saliva, 
when freshly tjiken from the mouth, is a colourless or light blue fluid, 
usually somewhat thick and stringy. When allowed to stand for some 
time, it settles into two layers, of which the lower one is quite cloudy 
and turbid, and contains in the greatest abundance the morphological 
constituents presently to l)e described. 

The reaction is distinctly alkaline. [The amount secreted daily is 
variously stated at from 800 to 1500 grms.] 

n. inOROSOOPIOAL appearances.— The saliva, when examined 
with tli^ microscopi*, is seen to contain certain morphological elements 
in varying proportions. These are : — 

1. Salivary Corpuscles. — These Ixxlies n»semble white* bl(HKlH-or- 
puscles, but arc larger, and their protoplasm is usually very gnmular. 

2. Red Blood-Corpuscles. — These are seldom met with, and when 
they occur are readily recognisable. 

3. Epithelium. — Usually in the form of large irn»gular scjuamous 
cells, derived from the mucous membrane of the mouth and tongue. 
The quimtity of epithelium to Ik* found in the saliva varies greatly in 

health ; and the cells exhibit much difference in shai>e, according as 
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they come from the superficial or the deeper layers of the mucous mem- 
brane. They are, however, easily kno^^^l by their polygonal shape and 
relatively large size. 

4. Fung^i. — Mould- and yetist-fungi are very seldom seen in the saliva 
in health ; when they occur, it is as an accidental constituent, probably 
introduced with the food. In disease, however, their presence is frequent. 
Fission -fungi, on the other hand, are met with in great number and 
variety in healthy saliva. There are to be seen, thickly scattered through 
the secretion, smaller or larger colonies of micrococci, of which some 
ixyssess the property of staining reddish in a solution of iodine and iodide 
of potassium. W, D. Miller'^ describes four varieties, which he has 
named lodococcus magnus, parvus, vaginatus, &c. ; bacilli, too, of varymg 
size, which take a bluish red colour with the same reagent. There is 
also an organism called the Spirochsete bucciilis, which occurs in ex- 







Via. 45.— Buccal Secretion, prepared by FriedUinder's and Qiinther's methods (eye-piece III., 
objective Reichert -^ ; homogeneous immentiou ; Abb^t mirror ; open condenser). 



a. Epithelial cells. 

6. Salivary corpuscles. 

c. Fat drop9. 

d. Leucocytes. 



e. Spiroduete buccaliw. 

/. Comma bacilli of the oral cavity. 

g. Leptothrix buccalin. 

A, 1, k. Different forms of fungi. 



tremely mobile spiral threads, very closely resembling the spirillum of 
relapsing fever ; from this it is distinguished chiefly by its greater breadth 
and by the smaller number of its coils. Forms resembling the comma 
bacillus are frequently found in the saliva {Leiois, Miller).^ They have 
been obtained in considerable numbers from the secretion (Vupml).^ 
As many as twenty-one different micro-organisms have been separated 
by the ordinary methods (see Chapter X.), and cultivated on plates and 
by inoculation, and their behaviour in various food media observed.* 
Biondi^ has recently been engaged in such research. According to 
W, D. Aliller,^ the following list is a summary of the pathogenic fungi 
which have hitherto been found in the buccal cavity, i)art of these? 
having also been isolated by cultivation methods : — Leptothrix buccalis, 
Vibrio buccalis, Spirochsete dentium. Micrococcus tetragenus, ^licro- 
coccus de la rage (Pasieuv), Micrococcus of septicaemic sputum, the 
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fungiis designated 8 by Miller, the bacillus of decaying teeth, Bacillus 
crassus sputigenus, Bacillus salivarius septicus, two pathogenic fission- 
fungi not yet ciUtivated (Kreibohm), Staphylococcus pyogenes, allms and 
aureus, and salivarius pyogenes, Coccus salivarius septicus, and Bacillus 
septicus sputigenus. 

Miller'^ has cultivated over fifty diflPerent fungi obtained from the 
mouth. A special interest attaches to the presence in the mouth of 
healthy j)ersons of the bacillus of sputum-septicaemia. Pure cultivations 
of this bacillus have been made by Klein, Millei% and FriinA'el,^ and 
it would api^ear to be the same which the researches of Frdnliel and 
Weichselhaum indicate as the specific cause of pneumonia (see pp. 120, 
121). The observations of Lojier and Velter^ have shown that other 
formidable jmrasites, as the bacillus of diphtheria. Staphylococcus, antl 
Streptococcus pyogenes are normally innocuous denizens of the mouth. 

To show Spirochsete buccalis, a drop of pare saliva should be examined as it 
is with a good oil-immersion lens, an Abbe's condenser, and a narrow diaphragm. 
It may be seen also in a preparation stained by Giinther's process. 

Under pathological conditions other pathogenic fungi are to be found 
in affections of the mouth ; as, for instance, thrush-fungus, Actinomyces, 
and the bacilli of tubercle. Frnnkel^^ has obtained the bacillus of 
typhoid from the lingual glands in a case of death from that disease, 
and doubtless our acquaintance with such forms will extend with our 
knowledge. 

m. CHEMICAL CONSTITUTION OF THE BUCCAL SECRETION. 

— This varies even in health with the activity of the diflFerent glands by 
which the fluids are secreted. There are to be found traces of albumin 
coagulable with heat, mucin, and occasionally sulphocyanide of |)otas- 
sium (CNSK). The saliva contains, further, a ferment which changes 
starch into sugar, and a trifling amount of salts. Oxygen, nitrogen, and 
carbonic acid gases have been obtained from parotid saliva (Kt'ilz),^^ 

It is seldom that opportunity offers for a chemical examination* of the 
saliva in disease. The quantity is then generally diminished rather 
than increased ; and further, it is very difficult to obtain a jnire secre- 
tion from the patient. 

Ptyalism (see below) is the only morbid state in which a large quan- 
tity of pure saliva can be had. To examine the saliva, the patient 
should be made to rinse the mouth with water carefully after each meal, 
and the secretion collected for twenty-four hours in a clean vessel. The 
reaction may be tested with litmus \m])eT and the specific gravity taken. 
It will be found to be alkaline, and of sp. gr. 1.002 -1.006. A ix)rtion 
of the fluid may next be tested for albumin in the manner to be described 
in the chapter on Urine, 

F 
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Another portion may be tested with solution of feiTic chloride for 
sulphocyanides. Should such be present, a bright red colour appears, 
which does not disappear either with heat or on the addition of acid. 
K the red colour is not thus obtained, loo cc. of the saliva should be 
concentrated on a water-bath and tested as before. [Meconic acid yields 
a similar cherry-red colour with ferric chloride, and this may be obtained 
from the saliva in cases of opium poisoning. The addition of mercuric 
chloride causes the colour due to sulphocyanide to disappear, whilst that 
from meconic acid is imaflFected by it.] Colomnti ^^ advocates the fol- 
lowing method : — The saliva is precipitated with alcohol and filtered. 
Tlie filtrate is evaporated on the water-bath, and the residue dissolved in 
water. Cujiric sulphate is then added. If sulphocyanide lie present 
an emerald-green colour develops. 

Sugar may be tested for in the manner recommended for its detection 
in blood. No. 3 (y. supra, p. 72). 

The presence of diastatic ferment may be shown thus : — 5 cc. of 
saliva are mixed with 50 cc. of starch solution, and placed in a warm 
chamber or in a water-bath heated to 40° C. When examined after one 
hour, the fluid (which of course must have been tested beforehand to 
ascertain the absence of sugar) will give all the reactions of grape-sugar 
if amylolytic ferment be present. 

Nitrites often occur in saliva. They may be detected by adding to 
a little of the fluid a mixture of starch paste, iodide of potassium, and 
dilute sulphuric acid, when, if nitrites be present, an intense blue colour 
will be seen. A very useful test for nitrites has been suggested by 
Greiss.^* To a specimen of saliva diluted with five times its bulk of 
water, a few droits of sulphuric acid are added, and then metadiamido- 
benzol which melts at 63* C. The appearance of an intense yellow 
colour shows the presence of nitrites. 

IV. CONSTITUTION OF MORBID SALIVA IN GENERAL.— 

The quantity of saliva is diminished dnring inflammation of the salivary 
glands in febrile disorders and diabetes, and often also in nephritis. 
[In high fever no saliva is secreted. That of moderate fever is thick 
and scanty, and usually acid, and with the rise of temperature its dias- 
tatic action is lesseneti The secretion is arrested by certain drugs, 
notably by belladonna.] It is increased in inflammations of the mouth, 
by the action of certain i)oisons — as, e.//., pilocarpin and mercury ^^ — 
[ill trigeminal neuralgia] and sometimes by the irritation of carious 
teeth. The excessive secretion which attends jwisoning l)}' acids and 
alkalies is rather due to irritation of the ducts than to any specific 
action on tluj sidivary glands. A long-continued flow of saliva w^ill 
sometimes occur without its being possible to ascribe it to any of the 
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causes mentioned In such cases probably the disturbance is due to 
some obscure changes in the innervation of the glands. Salivation has 
occasionally been recorded as occurring in pregnancy (Schramm),^^ [It 
is frequently met with in hysterical women.] 

These are the cases (referred to above) which afford a favourable 
opportunity for chemical analysis of the saliva. 

In a case of ptyalism which the author observed, analysis of the saliva showed 
that it contained 995.2 grm& of water and 4.8 grms. of solids. Its reaction was 
alkaline. It held a small quantity of mucin, traces of serum-albumin, and some 
sulphocyanides. The iodide of starch test showed the absence of nitrites ; and 
no sugar was detected by phenyl hydrazin or other reagents {Salkotoski).^'^ 

Certain diseases are attended with notable qualitative changes in the 
saliva. [Its reaction may be acid in diabetes, acute rheumatism, and 
mercurial poisoning.] ^® In nephritis considerable quantities of urea 
have been found in it by Wright, Picard, BabuteaUy^^ and Fleischer,^ 
For its detection Fleischer employs the following method : — An alcoholic 
extract of the saliva is made and filtered, the filtrate evaporated, and 
the residue dissolved in amylic-alcohol. Crystals of urea remain after 
evaporation, and may be recognised by any of the tests described at 
p. 70. Boucheron ^i foimd uric acid in the saliva of uraemic patients by 
employing the murexide test (p. 71). In such cases the author has 
tested the saliva in the way described at p. 71, having previously pro- 
moted its secretion by administering pilocarpin, and has never succeeded 
in finding uric acid there. 

Bile pigment and sugar have not yet been found in saliva. Even in that of 
diabetic patients there seems to be no sugar. In three cases of diabetes the 
author has carefully tested the secretion after the injection of pilocarpin, by 
means bf the phenyl-hydrazin test, but in each case without any result. 

Certain drugs, and amongst them iodide and bromide of potassium, are readily 
detected in the saliva soon after they have been taken into the system.^ (Se|e 
chapter on the Urine for the method of investigating this body.) 

[The following method for the detection of mercury in the saliva is taken from 
Jtalfe.^ To the saliva secreted during twenty- four hours dilute HCl is added. 
The mixture is heated for two hours in a water-bath, filtered, and the filtrate con- 
centrated to half its bulk. The precipitate on the filter is placed in a beaker 
three parts full of dilute HCl and heated, while small quantities of potassium 
chlorate are added, and the mixture stirred to dissolve organic residue. It is then 
filtered and the filtrate added to the previous one. The fiuid is concentrated to 
one-fourth its bulk. It contains all the mercury as bichloride. To test for this : — 
I. Place a drop on a gold or copper coin and touch this with the blade of a knife ; 
a bright silvery stain results. 2. Boil some of the fiuid with pure copper foil ; 
mercury is deposited on the foil, and may be volatilised in a test-tube.] 

[V. THE SULPHOOYANIDE OF THE SALIVA.— The origin and 
purpose of this salt in the economy have long been a subject of specula- 
tion to physiologists. The researches of Dr, S, Fenwick '^* have invested 
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the matter with a new interest, and their results go to prove that we 
have in the variations of its quantity a valuable index to certain states 
of the system. He has collected the records of a large number of cases 
in which the saliva was examined, and the quantity of sulphocyanide 
carefully compared. This was done by noting the colour produced by 
adding to the secretion a certain quantity of a standard solution of per- 
chloride of iron. For the purposes of comparison, the tint so obtained 
with a mixture of the secretions from many healthy persons is taken 
to indicate the normal amount of the salt, and a scale of colours is pre- 
pared by evaporating and diluting the fluid to certain proportions, and 
copying the tints in each case. 

As a result of his observations, Dr, Fenioick concludes that the sulpho- 
cyanide of the saliva is a measure of the functional activity of the nutri- 
tive organs, and that it is increased in general whenever an unusual 
demand is made on them by the necessities of the system, provided those 
organs are capable of responding to the call, — ^in the early stages of acute 
inflammation, of cancer and phthisis, in acute congestion of the liver 
from alcohol and over-feeding, in acute rheumatism, gout, and urticaria, 
and in convalescence from typhoid and similar diseases. The quantity 
is diminished in all conditions where the nutritive organs are unable to 
supply the requirements of the system, in the later stages of phthisis 
and malignant disease, in long- continued diarrhoea and dysentery, in 
jaundice from obstruction, in lead-poisoning, and in ascites and similar 
conditions impeding the portal circulation, and where the assimilation 
of food is imperfectly performed. Where, in connection with articular 
rheumatism, the sulphocyanide is greatly in excess, a tedious recovery is 
to be expected, and frequent relapses may be feared. 

Dr. Fenwick believes that the sulphocyanide is derived from the de- 
composition of biliary compounds (? taurocholate of soda). 

A more accurate method of ascertaining its amount is to collect the 
saliva secreted during five minutes, add the tincture of perchloride of 
iron in the proportion of one drop to a drachm, and filter. The colour 
obtained in this way may then be compared with solutions of sulpho- 
cyanide of iron carefully graduated. The bottles containing the tests, 
and the solutions to be compared with them, should be of exactly equal 
size. The flat-sided vessels or haematinometers used for the spectroscopic 
examination of blood will serve welL] 

VL THE SALIVA IN SPECIAL DISEASES. 

1. Catarrhal Stomatitis. — This affection is regularly attended with 
a much-increased flow of saliva, which when examined microscopically 
is found to contain an excess of epithelium and many leucocytes, but is 
otherwise unaltered. ^^ [Its reaction is acid.] 
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2. Ulcerative StomBtlUaAifereurial, Sem-bntie, ^c.).—Th& saliva 
is foetid, dark brown in colour, and strongly alkaline. It is loaded with 
tissue debris, leucocytes, broken-down red blood -corpuscles, and various 
fonns of fungi in abundance. Friihteahi ** believes that a specific bacillus 
wbicli be discovered baa a special relation to ulcerative stoQiatitis. His 
contention, bowever, remains lo be proved. 

3. Thrush. — The presence of this fungus in the mouth demands 
a more detailed notice.^ It occurs most frequently in children, but 
is common also in adtiltfi, especially in association with tuberculosis. 
Freumtmberff^^ has detected it in healthy persons. It used to be taught 
that the saliva of thrush is always acid ; but it la still a matter of doubt 
whether the acidity is not due rather to the presence of other micro- 




organisms than to the action of the thrush fungus. Kekrer has shown 
that the latter parasite will thrive well in a medium where no free acid 
exists, as in lactate of sodium or potassium. The outset of the disease 
is marked by the formation of white patches on the mucous membrane, 
and when examined microscopically, these patches ate seen to enclose 
sharp-bordered oval cells, each having one or two nuclei. The cells arc 
disposed in groups of two or three. After the lapse of some days the 
patches run together, and form a membrane which may cover the entire 
mucous surface of the mouth, and even line the fauces and cesophagus. 

The membranes are at hrst hrmly adherent, but later on loosen, and 
may then be easily detached. When examined microscopicaQy they are 
seen tc consist of epithelial cells, leucocytes, and (UbrU, amongst which 
the parasite appears as branching ribbon-like forms composed of long 
segments. Each segment usually contains two strongly refractive nuclei 
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enibedil»Ki in a. clear siibstance, one at either end. The segments vary J 

ill lengtli, and ^iw shorter tuwarda the extremities of the paraait«. 
They are for the raiwt part homogeneous, but occasionally finely granular. 
There are also to be seea the <ival liodies fi^cured above, which are 
thought to 1>e the apoi-es (conidia) of the fungus. 

Tbere U still much dispute as lo the plnco of the Ihrasb fungus in the vege- 
table kingdom, /(wi* refers it to the veast f angi ; OnttcUz*' supposes it M> be 
identical with the fungus studied bj Cienkowskj; and J^aut" opposes this 
view, regarding it (with both the above-named authors, and also Bifjiruhy" and 
Xlemperer") as a yeast fungus,"* According to the more recent inrcsygations 
of IHaut" the thrush fungus Is identical with the widel; distributed Mouilia 
Candida. 



The funyua can he ejisily exnniineil by jiliicing i»iirt uf the h 
hntue with a little K'ycoriiii- undLT the microscope. 




(Bre.p[«.oin., ..bi«i 



When pus contftiniiig Actinomyces liiis been discharged into the mouth, 
the micro-organism can be found in the saliva. For its recognition, 
aee the chapter on Ptui. 

Fisclier and Haueer''" have rejwatediy found narcinre in the buccal 
mucus of wasting diseases. 

Vn. DEPOSIT ON THE TEETH.— If a little of the tartar \xi removed 
from the teeth with a spatula and examined, it will be seen to abound 
mainly in micro-organisms. These comprise ; — 

I. Spiyoekaite buccalie (mentioned al)ove), in small nnmbers. 

3. Leptotiirix iauxalig. — Long bacilli, usually segmented and arranged 
in large ribhon-like bundles. They stain bluish-red in iodine-potassic- 
iodide solution (fig, 47). This micro-organism has been named fiaeilltis 
maximns huccalis by Miller."^ He rejects the view that it has the 
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l>ower of penetrating dentine, but holds Avith other observers^ that 
dental caries is brought about by various fungi, both cocci and bacilli, 
which generate acids and destroy decalcified dentine. Mixed up with 
the masses of Leptothrix are usually to be seen shorter bacilli, which do 
not stain in the iodine solution. 

3. Various forms of micrococci, occurring both separately and in 
colonies, 

4. A large number of leucocytes and epithelial cells, usually showing 
advanced fatty degeneration (fig. 45). 

Vin. COATING OF THE TONGUE.— i. In severe infectious dis- 
eases the tongue is coated with a Inroicnish fur, which consists jmrtly of 
the remains of food and partly of dried blood. Microscoi)ical examina- 
tion of the coating removed from the tongue exhibits, in such a case, 
a profusion of epithelial cells and hosts of fungi of various forms. In 
addition to these, there is a multitude of dark cellular Ixnlies, derived 
iloubtless from the corneous and exfoliated epithelium of the part 
(Bizzozero). 

Schech,^ again, has called attention to the occurrence of a black fiur, 
which is i)robably conditioned by the formation of pigmented papillsB on 
the tongue."*^ 

2. Tlie tongue of infants is normally coated with a tchite fur, and a 
similar appearance is found in adults when the stomach is deranged, 
^licroscopical examination shows epithelium, a few salivary corpuscles, 
and very many fungi. 

[Dr. Dickinson*^ has recently investigated the nature and significance of the 
various morbid coatings of the tongue. He believes that a just conclusion can- 
not be arrived at from the inspection of material scraped from the surface, and 
his method was to obtain post-mortem sections through the substance of the 
tongue, associating the microscopical with the naked-eye appearances during 
life. Thus it is seen that the different varieties of coating distinguished as 
"stippled," "coated," "plastered," "furred," and ** encrusted," are all alike 
derivcKi from excess and alteration of the epithelial elements of the tongue ; 
the change, where most profound, extending first between the papillae, and then 
deeper, with hjpemucleation of the deep cells of the corium and the diapedesis 
of leucocytes. The presence of non-pathogenic fungi is common to all, and may 
be regarded as accidental ; even the thrush fungus occurs independently of the 
grosser changes to which it commonly gives rise. The conditions of dryness 
and moisture greatly modify both the character of the coat and its significance 
as a symptom. The colour of the encrusted brown variety is due to dryness 
alone, while at the same time it mu>t be mentioned that a profusion of micro- 
organisms is especially associated with this form. Clinically the fact of most 
importance is the thickness and exuberance of the coating, and a comparison 
of instances has shown tliat such redundancy is especially connected with 
pyrexia] 
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IX. COATING OF THE TONSILS.— The examination of morbid 
deposits upon the tonsils is sometimes of the utmost importance in 
diagnosis. 

1. Croupous and Diphtheritic Tonsillitis. — Tlie membrane 

covering the tonsils both in croup and diphtheria is composed of glisten- 
ing homogeneous fibrin, disposed in the form of a network, of which 
the meshes vary in shape and size, and enclose epithelial cells, blood- 
and pus-corpuscles, and micro-organisms of every description. The 
differences between crouix)us and diphtheritic membrane cannot be dis- 
tinguished by microscopic examination alone, as was formerly taught. 
In both cases whitish layers are found on the tonsils. It should be 
mentioned, however, that E, Warpier discriminates between croupous 
and diphtheritic tonsillitis, in that the removal of the membrane in the 
former affection leaves the underlying tissues simply hypersemic and 
infiltrated with serum, while in the diphtheritic form a ha?niorrhagic or 
even sero-pundent infiltration remains. 

Hitherto even the newer bacteriological methods of investigation have 
not thrown much light on the subject. The observations of Roux and 
Versin, Zarniho, Spi'oiick, Winirjens, and van den Brink, Paltauf and 
KoliskOj Escherichf Klein, and Beck,^^ fidly confirm the view that the 
bacillus first discovered and described by Klebs and Liiffler^^ is to be 
regarded as the cause of diphtheria. 

G, V. Hoffmann-Welle7i?iof**has shown that a micro-organism, morpho- 
logically and in its life-history closely resembling the bacillus of Klebs and 
Loffler, occurs in the mucous membrane of diphtheria patients. This he 
has named the pseudodiphtheria-bacillus. Kolisko and Paltauf, whose 
observations have been confirmed by those of others, have again called 
attention to a multiple infection in this disease — Strepto- and Botryo- 
cocci being found in the interstices of the tissues, and diphtheria-bacilli 
on the surface. These discoveries tend somewhat to discount the signifi- 
cance of the diphtheria-bacillus as tlistinguished by Loffler's indications. 
More hopeful are the researches of Kaux and Versin, Brieger and 
Friinkel, Wassennann, ProskaueVy*^ which teach us that these fungi 
elaborate proteid substances (toxalbumins) of a very poisonous nature. 
When a method has Ijeen discovered by which it will be possible 
to isolate these substances, either from pure cultivations of the fungi 
or from the diseased tissues, we shall probably be in possession of 
a more certain and simpler, and for that reason clinically more ser- 
viceable, diagnostic resource than is afforded by the present cultivation 
processes. Meanwhile, the method of d'Espine and A. de Marignac, as 
adopted by Baginsky,^^ serves the puri)ose. A portion of the diphther- 
itic membrane is removed, washed in a 2 per cent. ]>oracic acid solution, 
and immersed in Loftier's blood-serum. This consists of 3 parts 1)1o<k1, 
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I part bouillon, with i per cent of peptone, common salt, and grape- 
sugar. The resulting cultivations should then show the characters of 
the diphtheria-bacillus ; and Baginaky is of opinion that this is twofold, 
corresponding to two distinct clinical types of the disease. Of the latter 
the more formidable is induced by the presence of Loffler's bacillus, 
while milder attacks are characterised by the presence within the tissues 
of Streptococcus and Staphylococcus. 

The author no longer has doubts as to the sj)ecific characters of the 
diphtheria bacillus, and, with Kolisko and Paltauf^ he would urge the 
necessity of classing together, under the name of Synanche Contagiosa, 
all those cases of so-called croup and diphtheria in which the bacilli 
mentioned above are to be found. 

PeUrg^ discovered gregarina-like bodies {Coecidium oviforme ; see chapter on 
the Fceees) in diphtheritic membrane stained with alum-carmine and picric acid. 
This fact is noteworthy, but further observation must show in what relation these 
forms stand to the disease in man. 

2. PharyngomycOSis leptothricia, — A special interest has 
recently come to be attached to the nature of the plugs which block 
the tonsillar crypts. They are found in almost every healthy person, 
and consist of epithelial cells and of long segmented fungi, which stain 
bluish-red with the iodo-potassic-iodide solution. In certain conditions 
these micro-organisms extend outside the follicles, and cover the surface 
of the tonsils with patches of varying size. They then give rise to 
subjective symptoms, and their appearance may be mistaken for a com- 
mencing attack of croupous or diphtheritic tonsillitis. They may be 
readily recognised imder the microscope by their reaction with the 
iodine solution, as mentioned above, and the course of the disease will 
afford a further indication of their nature (Th, Jlering).*^ 0. Cliiari^^ 
is of opinion that this aflFection is not one sui generis, but should merely 
be regarded as a modification of Angina foUiculariit, in which such 
products are always found. 

One or two minutes in the iodine solution suffice to develop the bluish-red 
colour in a specimen containing leptothriz. This colour disappears in from 
twenty-four to seventy-two hours. 

Dr, 0, Chiari has called the attention of the author to the fact that yellowish 
plugs which do not contain leptothriz are often to be found in the crypts. In a 
very hard concretion from the tonsils, found on chemical examination to consist 
of carbonates and silicates, the author met with splendid specimens of lepto- 
thtiz. 



CHAPTER III. 
THE NASAL SEGBETION. 

I. HAK£D-£T£ JlSJ> MICBOSCOPIOAL OHABACTEBB— 
CHEUIOAL CONSTITUTION. — Considering the great quantity of 
glandular tissue with which the nasal passages is furnished, the secre- 
tion in health is remarkably scanty. 

Xormol nasal mucus exhibits microscupically squamous and ciliated 
epithelium in abundance, isolated leucocytes, and an enormous profusion 
nf fungi. 

E. Weibet^ has described a curved bacillus obtained from the nasal 
secretion of healthy persons, which, when cultivated in nutrient gelatine 




and agar-agar, develops a s])irillum-like body wound into several coils. 
It is probable that further reaearehcs will show the presence of many 
other forms. A great variety has Iieen enumerated by Reimann.^ 

The normal nasal secretion is a thick fluid, faintly odorous, and of 
an alkaline reaction. It abounds in mucin, but otherwise nothing 
definite is known about its chemical constitution, 

n. THE SEOKETION IN AFFECTIONS OF TEE NASAL CAVI- 
TIES.— At the outset of an attack of acute nasal catarrh, the mucous 
membrane is gencraUy dry and much injected, and the secretion lessened 
in quantity. Later on, however, there is a copious discharge of a thin 
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alkaline fluid, and this, when examined under the microscope, is seen to 
consist of a great number of epithelial cells and fungi. 

Where suppuration is in progress within tlie nose, the secretion par- 
takes of the character of pus, and is seen microscopically to consist 
almost entirely of pus cells. Occasionally, as in cases of wounds per- 
forating tlie cranium and in brain tumours, cerebro-spinal fluid may be 
discharged through the nose. Nothnagd^ has reported a very inte- 
resting case of this kind Under such circumstances, chemical analysis 
showing the absence of albumin and the presence of sugar, or, at least, 
of a reducing substance, will determine the diagnosis. The import- 
ance of the evidence so obtained in connection with cerebral tumours 
is evident. 

It is very necessary, in all cases of ulceration of the mucous membrane 
of the nose, to look for certain of the pathogenic fungi already known 
to us. 

Thus, if it be a question whether a particular ulcer is tubercular or 
not, a little of the discharge may be removed with the help of the nasal 
si^eculum on a carefully sterilised platinum spatula, and examined for 
tubercle bacillus in the manner indicated at p. 104. 

Again, the discovery of the characteristic bacillus of glanders in such 
a discharge will obviously determine the diagnosis of that disease. 
This bacillus may be sought for in the same manner as in the examina- 
tion of blood (p. 46). If this Ije not enough, fungi may be cultivated 
on KoclCs plan (see Chapter X.) ; or, finally, in case of doubt, they may 
be propagated in one of the lower animals, when a definite conclusion 
will be arrived at. 

E. Fninkel * and Hajek ^ observed various forms of fungi invariably 
present in the discharge of the chronic ulcerative processes known as 
ozaena. Lmcenherg,^ on the other hand, found that one large species of 
diplococcus was almost the only form present in such discharge, and he 
regards it as characteristic of ozaena. 

Tost " and Loicenherg ^ have shown that bodies resembling the pneu- 
monia-coccus occur in the nasal secretion (fig. 48, c). H. v. Schrijtie)' 
and Winkler ® have isolated the Staphylococcus cereus flavus and another 
similar micro-organism, which they designate albus, from the nasal dis- 
charge in coryza. The discovery is obviously of no importance unless 
it can b(» shown that these forms do not occur in health. 

In a few cases, thrush-fungus and vegetations have been ft)und in the 
nose. Mould-fungi in this situation are another rare manifestation 
(Schuf^rt),^^ Ascarides and other entozoa are very seldom seen there. 
Proskauer^^ believes that he has found the embryo of Oxyuris. Tlie 
statement is very doubtful. Dipteral larvte are of most common occur- 
rence {B. Frankeiy^ 
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The Charcot'Leythn crystals found in blood and sputum have also 
been met with in the nasal secretion of an asthmatic patient. Ley den ^^ 
observed them associated with eosinophil cells in the nasal mucus in a 
case of acute coryza, and Sticker ^* in blood discharged from the nose in 
leukaemia, after it had stood for some days. Leivy ^^ has described them 
in connection witli nasal tumours (l)olypi). 

Concretions (rhinoliths) occasionally fomi in the nasal cavities (0. 
Chtari, Sei/erty^ 



CHAPTER IV. 

THE SPUTUM. 

Under the tenn expectoration or sputujn ^ are comprised all those sub- 
stances which are removed from the air-passages by the mechanical effort 
of coughing or hawking. 

L NAKED-ETE CHAEACTEBS OF THE SPUTUM.— The naked- 
eye appearance of the sputum will often afford valuable information ; and 
that this may be as accurate and exhaustive as possible, it is well to 
collect the expectoration in glass vessels, after NothnageTs plan, and 
then to examine it as to its quantity, specific gravity, reaction, colour, 
smell, and tendency to stratification. 

The quantity of expectoration discharged in twenty-four hours varies 
within broad limits. Sometimes it does not exceed a few cc. ; in certain 
conditions, on the other hand, as, e,g.y where an empyema is discharging 
into the lung, as much as 800 to 1000 cc. may be expectorated in twenty- 
four hours. 

H, Kossel'^ determines the specific gravity of the sputum in the 
following manner : — The sputum is placed in a flask stoppered to pre- 
vent evaporation, and gradually heated to 60° C. It is thus reduced to 
a thinly-fluid state, and is placed in the pycnometer. The specific gravity 
is seen to vary within very broad limits, — for mucous sputum, 1.0043- 
1.0080; for purulent, 1.0155-1.0260; and for serous, 1.0375. The 
question of density has in no case any clinical interest. 

The reaction of the sputum is always alkaline. 

In some diseases, as in abscess and gangrene of the lung, tliere is 
marked stratification of its parts (see p. 121). 

The colour of the sputum depends partly upon its microscopical and 
partly upon its chemical character. When it consists entirely or chiefly 
of mucin and a few cells, it is whitish. Green sputa are usually puru- 
lent, but the presence of biliverdin or of pigment-forming bacteria may 
also impart this colour. 

The odonr of the sputum is, for the most part, not characteristic ; but 

in putrid bronchitis and gangrene of tlie lung it has a particularly 

pungent and unpleasant smell. 

93 
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For many, purposes it is convenient to collect the sputum in a cylin- 
drical glass vessel containing water. In this way, for instance, the 
nummular arrangement is made apparent. In otlier cases, again, cer- 
tain constituents, as, e.g., spirals, fibrinous coagula, and shreds of tissue, 
may be made more evident on a dark surface, such as that of a i)olished 
black plate. A very suitable plate has been devised by Kroenig,^ 

[The expedient of hardening the sputum and examining it in sections 
was first adopted by Ad. Schmidt, and lately revived by Gahritschewsky.* 
As fixing and hardening fluids the latter employs alcohol, Miiller's fluid, 
Flemming's solution, picric acid, and sublimate in concentrated forms. 
The hardened sputum is embedded in celloidin for cutting, and the 
sections stained. This method is valuable for the detection of some of 
the colistituents of the sputum, which may be destroyed by pressure 
under a cover-glass.] 

Although much knowledge of a disease may be derived from a naked- 
eye inspection of the sputa, it will never enable us to dispense with the 
aid of the microscope, by means of which alone we can diagnose certain 
aflections — some forms of tuberculosis, for instance — with the utmost 
certamty. 

n. incBosoopiCAL examination of the sputum. 

1. White Blood-Corpuscles.-— These bodies are always found in 
large numbers in the sputum, commonly embedded in a viscid stringy 
substance. Many of them are of large size and graniUar, and enclose 
within them drops of fat and particles of pigment, such as carbon dust 
and masses of haematoidin (see fig. 49, e). In cases where an abscess has 
discharged into the lung, and in purulent bronchitis, such as is met 
with in connection with emphysema, the sputum may consist entirely 
of leucocytes. 

2. Red Blood-Corpuscles. — These are also to be found in almost 
all sputa, and their presence in small numbers is without significance. 
In persons who smoke a great deal, or who spend much of their time in 
an atmosphere of tobacco-fumes, the sputa are apt to be streaked with 
blood in the morning. This blood, however, proceeds in most cases, 
not from the lung-tissue proj^er, but from the bronchial mucous mem- 
brane, and is due to catarrh. 

When red blood-cells are present in very considerable quantity, the 
sputa will be coloured by them. The individual cells are usually intact, 
and in this they depart from the condition in which they are found in 
urine and faeces. In some cases, however, as in pneumonia, they are 
altered and occur as pale discoidal bodies. Where blood has accumu- 
lated for some time in the bronchial tul)es, the red corpuscles may dis- 
appear entirely and the pigment remain in the sputum either as irregular 
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particles or as red crystals of hsematoidin (see fig. 49, e). Tlie sputum of 
pneumonia derives its colour from blood-pigment dissolved in it. 

Finally, it is to be noted that in hsBmorrhage ftom the lungs the 
sputum consists entirely of red corpuscles; in congestion the blood is 
intimately mixed with mucus. 

3. Epithelium. — ^The sputum abounds in epithelial cells.^ Squamous 
cells (fig. 49, h) come either from the mouth or from the surface of the 
true vocal cords. Ciliated epithelium is less often seen, and occurs 
chiefly in severe bronchial inflammation, when, too, it is probably derived 
rather from admixture with nasal mucus ® than from the surface of the 
trachea, which, as is well known, is lined with ciliated epithelium. The 
cells as found in the sputum ate usually deprived of their cilia (tig. 49, c), 
imless in quite recent expectoration, when cilia in active motion may 



^®0 




Fig. 49.— Epithelium, Leucocytes, and crystals of the Sputum (eye-piece III., objective 8a, 

JUichert). 
a, a', a". Alveolar epithelium. 6. Myelin forms. (. Ciliated epithelium, d. Crystals of 

calcium carbonate, e. Hrematoidin crystals nnd masses. /,/',/". White bIood«corpuscles. 

g. Red blood-corpuscles, h. Squamous epithelium. 



still be seen on them. The mere presence of such cells in tlie sputum 
is of little diagnostic imiK)rt ; but where they occur in great numbers 
they may be taken as indicating the commencement of acute catarrh, 
either in the back part of the nasal fossae or in the trachea and bronchi. 

But there is another variety of epithelium whose appearance in the 
sputum is a fact of great importance." It is known as " alveolar " epi- 
thelium, a name which will serve provisionally, although its derivation 
from the alveoli of the lungs has lately been called in question (Bizzozero),^ 
It consists of elliptical ceUs, each containing one nucleus, which usually 
requires acetic acid to make it visible. The body of the cell is of finely- 
granular protoplasm, and very often holds irregular pigment particlos in 
its substance. These jmrticles consist usually of blood colouring-matter, 
iron dust or carbon (fig. 49, a). In tlie last case they are unaflected 
by reagents generally. Iron dust may be known by its turning blackish- 
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green with sulphide of ammonium, or blue with yellow prussiate of 
potash and hydrochloric acid. These cells often contain one or more 
fatty granules, readily recognisable by their high refractive power, and 
at times they exhibit extreme fatty degeneration (fig. 49, a, a"), when 
their protoplasm is replaced by oily drops of varying size. Sometimes 
large bodies like drops of fat, presumably derived from the rupture of 
these cells, are to be seen in the sputum (fig. 49, h). They were first 
observed by Virchow,^ who named them myelm droplets, from the 
resemblance they bear to similar forms produced in the destruction of 
nerve tissue. According to Panizza,^^ however, this myelin (which is 
only the outward form of a considerable number of different substances) 
is probably mucin ; and in his opinion no diagnostic importance attaches 
either to myelin or to myelin-holding cells. 

Buhl^^ thought that the appearance of alveolar epithelium in the 
sputum was characteristic of the disease which he has named desqua- 
mative pneumonia. It is certainly a fact that such cells are to be 
found in great profusion only in quite fresh specimens of caseous infil- 
tration of the lung, whether due to bacilli or not ; but then they 
occur also in pneumonia, in chronic bronchitis, and in chronic pul- 
monary tuberculosis ; ^^ sometimes, too, in very large numbers. It 
follows from their manifestation in processes differing so entirely that 
their diagnostic significance is on the whole slight. 

[Troup'^^ believes that the presence of alveolar epithelium in the 
sputum belongs especially to obstinate catarrhs of the apex, when it 
will be found associated with columnar and ciliated cells ; he observes 
that since such catarrhs tend for the most part to run into phthisis, we 
have in this an early and valuable sign of impending danger.] There 
is a special form of alveolar epithelium, consisting of large flat cells con- 
taining a golden yellow and brown pigment (failing-heart ceUs, Wagnev), 
whose presence in the sputum, according io F, A, Hoffmann,^^ only 
occurs in valvular heart-disease and adherent pericardium. They are 
absent from the sputum in phthisis and pneumonia, and they may 
therefore be taken, in doubtful cases, to point to brown induration 
of the lung. Wliilst agreeing in general with HoffinanrCa view, the 
author would insist that in the processes just mentioned the sputum 
exhibits cells containing black pigment, which chemical examination 
has shown to be a derivative of blood colouring-matter. Such cells 
were noticed long ago by /. Sommerhrodt^^^ who described them as 
brown alveolar epithelium. He is in accord with Hoffmann as to 
tlieir meaning. LenhaHz ^^ has observed them most frequently in con- 
nection with mitral stenosis, and regards them as motamorj)hosed blood- 
corpuscle-holding round cells (lymph coqmscles). Kronig^'^ endorses 
HoffmamCs view. 
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3 the sinittmi for i^pithelium, a small qiiiintity should Ije 
treatetl with nt-etic acid, to bring the nuclei and nucleoli into view ; or 
a specimen may be stained with a watery solution of methylene hlue. 

4. Elastic Fibres, — These libre» occur in tlie sputum singly or 
in bundles, and they liave ::ommonly an alveolar arrangement (fig. 50). 
They are of varying length and breadth, dark -coloured, slightly curved, 
and generally exhibit a double contour,* Tlieir diagnostic value is great, 
as a sign of serious mischief, ]ioiuting to destruction of lung-tissue. 
Tliey occur, consequently, in tuberculosis, bronchiectasis, pulmonary 
iibscess, and occasionally in pneumonia, wliile the other signs of 
alwcess are wanting. The author has rei«atedly found elastic fibres in 
cases of ])neumonia which otherwise ran n fuvourable course, and he 
i^upjKtses that in such cases there was dcstniction of the jiulmonary 
parpnchynia only over a very limited area. It is a notable fact that 




the aputuni (ijii.plMe III., obJacUTa Sa, Uticktri). 



these fibres ate nirely t<i Ite met with in the expectoration of imlnioiiai'y 
gangrene, and the reason probably is that they are destroyed in ailu 
by tlie fcnnentH formed in that pi-ot^ess. The fact was first noticed 
by Traulm. 

Elastic tissue may be introiluced with the fi>CMl, and so find its way 
into the sputum. A necessary ]irecaution, therefore, is to direct the 
imtient to wash the mouth carefully after food, and to separat« the 
sputa dischai^ed at nieal-tinies from those t^) be examine<l for limg- 
tissue. Even when every care has been taken, however, one is exposed 
to fallacy arising in this way, as fibres derived from the food may He in 
the mouth for days before tJiey are exi>nctorated, // is only when the 
bundleg of dastic filrres dinjulaij the alvolnr arrangement that tee can be 
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certain vj llwir oriijin in the puhnoHanj alveu/i, ami it it then oiilij thni 
the;/ pogseas anij ttire diaffiioslie glguijicanee. 

For their detection, when tliey occur in considerable quantity, it will 
suffice to add some pobish solution to a little of the simtunt iJaced 
on a slide. A atill better plan is tlint proiioaeJ by Ftnwick, who boils 
the sputiini in a solution (S-io per tent.) of caustiu jiotiisli, allows the 
mixture to stand for twenty-four hours in a conical glasfi, unil examines 
the aedinii-nt for elustic fibres under the microscope. 

{Prolonged boiling in caustic potash will cause the elastic fibres first to swell 
□p and tbeQ to dissolre. Conseqiientlj the boiling- muat cot be too lotig, aiKl l)r. 
Troup recommends that when the sputnm is pLiced on a slide the cover.glass 
should Tcmain undbtorbed] 



5. Spirals. —Certain spiml 1-Hnlies \ 
n the spiitTiiii i.f i.ili.'iit-. -iifr.Tiii- fjoiii 



i first observeil by I^-yden^* 




They were afterwards deacrilied by CurKhmann '^ ba pathognomonic of 
disease of the tineat bronchia] tubes ; and since then they have been 
seen by 0. Vieronit, v. Jakneh, Pel, and Hanner,^ in the sputum of 
pneumonia. More recently I^wi/''^ [und Troup'''^ have written on their 
occurrence in asthmatic [taroxysms. 

A'orilfj'-"» h»s seen them in pulmonary (edema, and dcnnat^ obseci'ed quite 
similar bodies in vascular kcratilis. He believes llint they are produced by a 
twisting npon their axis of the ordinary mucous threads, and he succeeded in 
forming well-shaped spirals expeiimentally by twigting them in this way. 

The spirals are usually discernible with the naked eye wlicu the-l 
sputum is carefidly examined. They appear then as thick white bodies I 
of a twisted aud tubular form, and ilistinguiahed by their cleai' tint and | 
great tenacity from all other sputum constituents (Rg. 51). 

Under the microscope they display a remarkable variety of shape. In I 
the usual arrangement there is a central thread disposed in a more wfl 
less zigMg numiier, and around it a thick meshwork of very delicate' j 
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fibres commonly looped round in spirals, but occasionally retifonn. Tlie 
spirals are often overlaid with epithelium, and sometimes also covered 
with Ckareot-Leijdm crystals. They vary greatly both in length and 
breadth. When present, they indicat* — so it would seem — a desqua- 
mative catarrh of the bronchi {Cursehmann) and alveoli (Leimj). Thus 
they are found in pneumonia as well as in capillary bronchitis. In 
connection with asthma they afford a most valuable diagnostic sign, 
showing that the disease is of a bronchial character. 

As to the connection between these spirals and the Charcot- Let/den 
crystals (sec p. 30 and Chaps. VI. and IX.), it is to be noted that in the 
earlier attacks of bronchial asthma or at the beginning of a fresh attack, 
spirals are to be found in the sputa, but no crjatal" If, however, a 
specimen of such a sputum is placed quite fresh on a slide co^e^cd to 
prevent evaporation, and allowed to stand for 14-48 hour^ cristaU wtll 
be seen in it Lnter in the asthmatic iioroxjsro numben of similar 




crystals occur m the recent sputa, Ij inj, imongst the spirah and not 
elsewhere From this it would appear that the Charcot Leyden crystals 
are in part derived directly froiu tho spirals An to thi cheniiLal ion 
stitution of the latter the author lias ast^rtamed that thej are formed of 
a substance closely resembhng mucin If one of them be renio\ed from 
the sputum and touched with a dilute alkali, it dissolves and when 
acetic acid is added a precipitate form" If tlie alkaline solution be 
treated with cupnc sulphate and boiled, the resulting peroxide of ccipper 
is not reduced but with the previous addition of a mineral acid and 
boibng reduction immediately takes jilace All these reactions are 
common to mucin 

Observations which the author had recentlj an opi>ortuiiity of making 
in a case of bronchial asthma went to confirm the statements made 
above, and shiiweil further that the portion of tlie spirals tonstituting 
the central thread is chemically distinct from its envelope of mucin. 
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This central thread approached rather to the cliaracter of Kbiin, but its 
precise composition was not ascertained with certainty. 

Asthmntie sputa contain large numbera of leucocytes containing eosin- 
ophil graniilfttions (f r, Midler, Gollaseh, &Amirf/).^ Tlie fact, however, 
is of little aid in diagnosis, since GoUaseh tind Leyden^^ have observed 
similar bodies in the expectoration of acute and chronic bronchitis. 

6. Fibrinous CO&glll&. — Fibrinous costs are found in the sputa of 
plastic bronchitis and pneumonia. They are whitish in colour, of vary- 
ing consistence, and branched to the form of the terminal bronchial 
tubes in which they are deposited. In pneumonia tliey are usually few 
in nuniber and of no great length (fig. 53), and when more numerous 
they mark a severe clinical type of the disease. The abundant forma- 
tion of such coagula in pneumonia Is attended witli much coughing and 
great dyspncea. 

They are found in ^eatest [wrfection in the chronic plastic bronchitis 




of Fnmmaiilii, nttb Punn^sDi 



of adults. They may be said to be pathognomonic of tfiis affection, 
which is otherwise so often difficult to diagnose. The author has seen 
them several centimetres long (fig. 55), and minutely branched. Micro- 
scopically these terminal filaments form a fine network, in which epithelial 
cells and blood- corjiuacles are enclosed. These coagula being formed of 
fibrin resist the action of acetic acid. Their chemical investigation may 
he conducted in the manner described under Fibrinnria (Chapter VII.). 

The antbor. in view of tbe similaritj in a clinical sense between broochiolitia 
exandativa and chronic bronchial cronp, inveatigated the sputum in the case as 
to the existence of eosinophil cells. The resalt was ne^aliTe. 

7. ConneOttTe Tissue. — Shreds of connective tissue arc occasion- 
ally, though rarely, found in the sputum. It sometimes happens in 
pulmonary abscess and gangrene that scraps of tissue arc coughed up, 
which may be recognised by their arrangement as belonging to the alveoli 
of the lungs. Fragments of cartilage due to ulceration of the larynx 
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may also be discharged with the expectoration. Their origin can usually 
be determmed by the microscope. In Barcoma of the lung particles of 
tissue OR) apt to bo discharged, and these, by their chamctertattc ap]>car- 
nnce, enable a definite diagnosis to be made (ffuber).^ 

8. Corpora Amylacea. — Friedreick^ has described these starch- 
like formations as occurring in the sputum. He refers their origin to 
luemorrhagic processes in the lungs. They are partly round, partly 
angular in shape, and contain within them a core of pigmentary suli- 
stance, which also is usually angular. In n solution of iodine and iodide 
of potassium, they sometimes give the .imyloid reaction, but not alwayit 




ot PluUc Bnincliltli (i). 



Often their form shows strati ficatiun. In a sputum sent tv him for 
examination by his colleague, Di: Nennger, the author found suth liodies, 
and lie has several times met with others like them, but without the 
dark centnd substance in the sputum of pulmonary gangrene. These 
did not give the amyloid reaction, but they showed evident stratification. 
It must still be regarded as nn oi>en question whether those l)odies are 
of an amyloid nature or not. 
9. Parasites. 

1. FtmgL — The investigation of the sputum for fungi has in ivcent 
times engt^ed much of tlie attention of scientists and physicians. If we 
adhere to tho usual clnssificntion of (Hinisitic fungi into mouhls, yeasto, 
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and lission-fungi, it will be found that the chief interest attaches to 
micro-organisms of the third class. Of the fission-fungi some indeed are 
innocuous ; but there are others of a distinctly pathogenic character, 
and their recognition in the sputum is a point of prime importance in 
diagnosis. It will serve a useful purpose, therefore, if we divide the 
micro-organisms in question into two chief classes, the non-ixUhofjenic 
and the pathogenic, 

(a.) Non-Pathogrenic Fungi. 

1. Moulds. — There is little to be said of these pai-asites as a con- 
stituent of the sputum. The thrush-fungus rarely occurs (see p. 85), 



Fins. 56, 57.— Moulds from the Sputum iii Pulmonary Abecess (oye-piecc I., 

objective 8a, Riichert), 



and itrt i)reseiice is usually to l>e referrcjd to admixture with the saliva. 
In all cases where it is found, the mouth and throat should be carefully 
examined for aphthas. At the same time it must not be forgotten that 
in thrush aphthous patches may extend to the bronchi, especrially where 
the subjects are children. 

Further, in certain puhnonary diseases mould-fungi have Ixieii found 
in the sputum. The accompanying figures (figs. 56, 57) show such Ixxlies 
iis seen in the fresh sputa of a patient suffering from traumatic al)scess 
of the lung. VircJiow^ has published observations l^earing upon tliis 
subject, and LicJttheim'^ found Aspergillus fumigatus in human sputa. 
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Tliis latter orgiinisni luus been sliowii by Schtitz ^ to l)e connected with 
disease in the lower animals. 

Most writers have concurred in tht» opinion tliat mould-fungi are only 
in<'identidly present in the sputum ; but quite recently the labours of 
Scliiitz, leased ui)on the result of Lichtheim's experiments with animals, 
have gone far to show that the midtiplication of mould-fungi alone may 
<'au8e destructive processes in the lungs. Tlie ol)servations of Paltauf 
and LintU ^^ tend to the same (;onclusion. To study the nature of these 
fungi they should first be found by microscopical examination, and then 
cidtivated on bread and nutrient gelatine. Their relation to disease may 
also l^e Jiscertained by experiments ui>on animals (see Chapter X.). 
Whetlier innocuous or not, it is quite certain tliat mould-fungi are fre- 
quently present in the exi)ectoration. 

2. Teasts. — Little is practically known of yeast-fungi as constituents 
of the sputum. The author has discovered scattered yeast-cells in the 
pus from a phthisical cavity. 

3. Fisaion-Fimgi. 

1. Sarcina Pulmonis. — Sarcinae have Ijeen found in the expectoration 
of several diseases. They were first described in this comiection by 

Virchoir and Frieil retch. ^'' They are usually smaller than S. ven- 
triculi.** Their presence is of little pathological interest (FiscJier, 
Hausei')i^ but it would seem that they belong especially to extensive 
ulceration of the lung. Pamini'^^^ descril»es a new 8i>ecies under the 
name Sarcina variegata. 

2. Leptothrix. — Let/den and Jaffe'-^ have rei)eatedly found lepto- 
thrices in the sputum (see p. 86). They may l>e recognised in the so- 
called fungoid plugs of putrid l)ronchitis by their pro^ierty of staining 
in io<lo-jK)t4issic-iodide solution. These fungoid plugs have l)een analysed 
by Dittnch, Traul)e, and othei*s. They conUiined, Iwsides leptothrices, 
crystals of hsematoidin, white and red blood-corpuscles, and in many 
ciises quantities of fat-laden e])ithelial cells and a mass of fatty 
detritus. 

3. BiMTJll^ and Micrococci. — Various forms of bacilli and micrococci 
occur in every sjnitum. A number of these, and among them l)acilli 
with terminal sjwres, are shown in fig. 50. 

(b.) Pathogenic Fungri. 

I. Tnberde Bacillns. — The researches of RoleH Koch'^'^ have shown 
that the sputum from tul)ercular lungs contains definite orgjinisms which 
l>ehave in a uniform and remarkable manner towaixls certain staining 
fluids; and this author was further of opinion that the organisms in 
(piestion were the vehicles of the tul^ercidar virus. His conclusions 
have been m<»st fully l>orne out by substHpient observations.-** Nothing 
more need Ik* said just now to show the great importiuice of his dis- 
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covery. We shall return to the subject later when we come to si)eak of 
tubercular sputum. 

The tubercle bacillus cannot be seen in the unstained sputum. When 
a preparation is made in the manner to be described presently, the bacilli 
appear either separately or more usually in groups, as small rod-like 
bodies, slightly curv^ed, very delicate, and of variable length (1.5 a^-3.5 f)- 
They are quite motionless, and spore-formation can sometimes be seen in 
them. The spores do not stain by the same process as the parent bacilli, 
and thus it happens that the tubercle bacillus will seem to be broken 
up into several (2-6) clear oval compartments. This appearance has 
led some observers ^ to 8upj)ose that they had to do with micrococci, 
but by appropriate methods and careful examination the clear outline of 
the Iwcillus cAn be made visible in such cases through its entire length 

(fig- 58)- 

Detection of Tultercle Bacillus, — Since the tubercle bacillus was dis- 
covered some years ago very many methotls have been suggested for its 
recognition, as those of Koch, Gibbes, Baumgarten, Neelsen, BalTuei', 
Frantzelf Kiiline, Frankel, and Gabbett They all alike depend upon the 
remarkable property which the bacillus displays of staining mth aniline 
dyes in alkaline solution^ ami (unlike the otliei* micro-organis^ns, pailw- 
genie and non-jyathogenic, which occur in the spuUim\ of retaining the 

» 

dye in after-treatment with acid and alcohol. ^^ 

The bacillus may be shown by any of the methods enumerated above 
when the requisite skill has been attained, but the methods of Koch and 
Ehrlich are the best for a beginner to employ. 

A. Preparation of the Staining Fluid, — It is important that the 
staining fluid should be freshly prepared for use in every case, both 
because the aniline dyes are apt to undergo (chemical changes when kept 
for a time in solution, and also because fungi may develop in the fluid 
itself, and so mislead the observer. It may be made thus : In a test- 
tube, carefully washed (with distilled water and alcohol) and dried, an 
alcoholic solution of gentian- or methyl- violet is made* by dissolving the 
solid substance in 4-5 cc. of absolute alcohol, and to such a jwint of 
concentration that an object cannot be discerned through the fluid in the 
test-tube. 

In another test-tube, which also must be thoroughly cleaned, 6 cc. 
of distilled water are measured out; to this are added 10-15 drops of 
aniline oil. The fluid is well mixed by shaking it up, and then passed 
through a moist filter. To the clear filtrate are added a few di'oj^s of 
the alcoholic solution of gentian- or methyl-violet, prepared as above, till 

* To simplify the method, a concentrated alcoholic staining solution might be 
kept in readiness. 
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a slight turbidity api)ears. This should clear in a few minutes. Should 
the mixture fail to become perfectly clear, however, that will ilot inter- 
fere with the success of the undertaking. Thus is obtaine^l the aniline- 
water-gentian- or methyl-violet solution (Weigert-EhrUch fluid). In 
addition a waterv solution of Bismarck-brown or vesuvin is needed. 
To make this, a small quantity of one of these substiuices (about as much 
as could be taken up on the point of a i>en-knife) is added to a few cc. 
of distiUed water in a test-tube, and dissolved until the fluid is barely 
transparent; it is then filtereil. Tlie filtrate will l)e employed in the 
manner to be indicated presently. 

B. Preparation of the Cover-Glasses. — The cover-glasses to be used 
must be scrupulously cleaned by washing first in distilled water and 
then in strong alcohol, and afterwards dried in an exsicciitor, or at any 
rate in a chamber free from dust A numljer of such thorouglily 
cleansed cover-glasses should be kept ready for use under a glass shade. 
One is now taken up with forceps, previously sterilised by raising them 
to a white heat, and with similar forceps a j>article of the sputum to be 
examined is placed on tlie cover-glass — such jKjrtions as appear most 
purulent being chosen — and spread in a layer as far as possible of 
uniform thickness. Another cover-glass is placed upon the first, and 
the two are pressed closely t<^gether with the forceps so that the inclosed 
sputum is spread very thinly. The cover-glasses, still grasi)ed with the 
forceps, are then sejmrated, and dried first in the air, and then j)assed 
two or three times through a carbon-free flame from a spirit- or gas-lamp, 
the prejmration surface being kept upwards. 

C. To Stain and Mount the Preparation. — The cover-glasses, prepared 
in the manner just described, are now placed in a watch-glass holding 
the aniline- water-gentian- violet staining fluid already mentioned. They 
should be allowed to float in the fluid preparation-side downwards. 
When removed after twenty-four hours they will be found to be coloured 
a dark blue. They must now be placed in dilute nitric acid (i in 4) 
until the prejiaration appears to the naked eye no longer blue, but 
at the most a bright green. 

The preparation should not be completely decolorise<l when taken 
from the fluid, because there is danger that the bicilli also may be 
deprived of the stain if they are submitted t<.) a too pi-olonged action of 
the acid. When removed from the latter, they must be rinsed with 
absolute alcohol, then dried in the air, and moimted in oil of cloves or 
Canada balsam. 

For microscopical examination Hartnack\s objective Xo. VII., or 
Reichert VIII., serves best with a little practice. The beginner may 
use an oil-immersion lens and Abbe's condenser with advantage. If 
tubercle-bacilli are present they will ai>|H»ar in the six»cimen as minute 



I06 THE SPUTUM. 

rod-like bodies of a blue colour, but if few in numl)er they may easily 
be overlooked. It will then promote their detection to stain the sur- 
rounding substances by immersion in the solution of Bismarck-brown or 
vesuvin. To do this tlie cover-glass, prepared and stained in the manner 
already described, is placed in the brown staining-fluid (made as above), 
and left in it until the whole preparation has assumed an evident 
brownish yellow tint. It is then washed with distilled water and 
mounted for examination. When looked at through the microscope 
the bacilli are seen to be coloured a deep blue, while the other bodies 
in the field — fungi, mucus, corpuscles, and epithelium — are bro>vn (fig. 
58). The length of the individual bacilli as found in the sputum is 
very variable. The author has repeatedly met with specimens as large 
as those represented in fig. 58, but smaller forms, as sho\vn in fig. 59, 
occur still more frequently. The entire process may be accomplished 
in a quarter of an hour by heating the staining fluid, which also 




Fill. 58.— Tubercle Bacilli from Sputum (eye-piece V., objective Zdu /,, homogeiMoiu 

immersion ; open condenser). 

should then be a concentrated solution of the aniline-water and gentian- 
violet mixture. 

The method of staining with carlx)l-fuehsin {Zield-Neehen fluid) *^ 
is well worthy of notice here. Ten ce. of a concentrated alcoholic 
solution of fuchsin are added to 90 cc. of a 5 per cent, solution of 
rarl)olic acid, and the staining-fluid (carbolised fuchsin solution) is used 
in tlie same manner as the Ehrlich-Weigert fluid. If the staining-fluid 
l)e warmed, the specimen can be prepared in a few minutes. Tin* 
surrounding tissues and remaining fungi (non-pathogenic) had best be 
stained with a watery solution of methylene-blue. The tubercle bacilli 
then appear red, all other fungi and cells blue (fig. 59). 

Other methods which have been found useful clinically are those of 
CzapletoifJd, the Fi'fhilcel-GufMt method (a mollification of (ruftther'tf), 
and Bietlerfs.^^^ The first has no advantage which does not belong also 
to the Zie1il'Neeh(m methoil. The second is rapid and siniph* but not 
«'ntirely Siitisfactory in its results. 
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[^a66ett*' employs two solutions:— (a.) Afaf/enta solution : Carbolic acid (5 per 
cent.), 100 cc. ; magenta, i gramme ; spirit, 10 cc. Mix and preserve in a 
stoppered bottle. (6.) Methyleneblue solution: Sulphuric acid (25 per cent.), 
100 cc ; methylene-blae, 2 gramme^*. The prepared cover-glasses are floated on 
a little of the magenta solution in a watch-glass. The latter is heated until the 
vapour can be seen rising from the surface. The cover-glasses are then removed, 
washed, and placed for one or two minutes in the methylcne-blue solution ; after 
removal they are again thoroughly washed, dried, and mounted in xylol balsam. 
The whole process can be accomplished in a very few minutes.] 

Biedeii's method is very servicetihle where the sputum contains but 
a few bacilli. Ten to twenty cc. of the sputum are boiled in a watch-glass 
with a little dilute caustic soda ; water is added, and the mixture again 
boileil until it is thinly fluid. It is then allowed to stand in a conical 
glass for two or three days, after which the sediment is added to a small 
(quantity of egg albumin, and examined for bacilli in the usual manner. 
Tlie addition of an alkali renders the Imcilli more ditticult to stain, and 
the si)ecimen must therefore be left for a longer time than usual in the 
fluid. The use of Stenheck's sedimentator,** or of th<» centrifuge, facili- 
t4ites the researcli. 

KuJine'is^^ metho<l may l)e mentioned, but it has bo»»n aftirmed that it 
is unsatisfactor}'. 

[Gibbes* ^ double stain is much used in England. It dispenses with the neces- 
sity of washing the preparation in acid and can be rapidly applied. It is made 
thus : (a.) Rosanilin hydrochloride, 3 grammes, and methylene-blue, 2 grammes, 
are rubbed up together in a mortar ; (6.) anilin oil, 5 cc, is dissolved in alcohol, 
20 cc (5.) is slowly added to (a.) in the mortar until all the stain is dissolved ; 
distilled water, 20 cc, is then added slowly wliile the mixture is stirred. The 
stain is now ready, and may be kept in a well-stop})ered bottle. To use it a thin 
layer of the sputum is obtained on a cover-glass in the usual way. A little of the 
mixture is warmed in a watch-glass, and the cover-slip — sputum surface down- 
wards — is floated on the warm staining-fluid for four or flvc minutes. It is 
removed and washed with spirit by means of a wash-bottle, until the latter 
ceases to remove any of the dye. The preparation is allowed to dry, and mounted 
in xylol balsam.] 

We shall have occasion by-and-by to jjoint out the great diagnostic 
signiflcance which attaches to the presenctj of tul>erele bacilli in the 
sputum. 

2. Micro-argaiiisms of Pneumonia. — Kkhs,*'^ Eh'iih,^^ and Koch*^ 
liave describe<l various micro-organisms, presumably of a siK?ciHc char- 
acter, as occurring in the lungs, and to Im? found in the sputum of jmeu- 
monic patients. 

Friediamhr^ has further investigated this subjtnt, and has succeedeil 
in cultivating and proi>agating these* microorgatiisms, Imt their nature 
is not yet fully understoinl. They occur in stained pre) Mirations in 
groups of two, three, or four. They vary in size, have usually a distinct 
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i-nvelii[«, iiiiil [ireseiiL tlie fonu somGtiinea of short tliitk roils (FrieJ- 
lunder), sometimes of tliplococci (A. FrUnli-el). 

Fi.ir the detection of [jneumonococci (see upper part uf fig, 60), 
FriecUiinder ^' recommends il methwl of staining very similnr to that ot 
aiiiillm- for thf detection of s].irilhi in the Wood (p. 45). The cover- 
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glasa preparation, made ready as deseribc*! nbuve, ia piissed three times 
through the flume of a Bunsen'e Inimer, placed for a minut« or so in a 
I per cent, sohition of acetic acid, the fluid removed by blowing upon 
it through a. pointed glass tul>c, the preparation dried in the air, and 
]ilaced for a few seconds in a antmiited iiiiijine-water and j;ent inn -violet 




solution, finally washed with ivutt-r iiu t ni unted on a slide for exami- 
nation. "When this is done a number of capsuhl«<l roii-like micrococci 
may be setiii with the micwecopc, 

Frum a series of experimeDts made hj Dr. JtieMer it would ?eem that lbi» 
method also ansn-ers rcmarkablv well foe the dclection of fangf in eindatioDS 
DT truQEudations. 
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Gram's method (p. 41) will also serve to show tha micru-organismB, 
which then appear chiefly iis Bmall diplococci (fig. 60, round the edges, 
and fig. 63), identical in appearance with the bodies supposed by A. 
Friitiicei ^- and Weiehgelbaum ^^ to be charact«riBtic of pneumonia. 

We shall refer later to the pathological significance of these micro- 



3, ActinomyceB. — This fungus settles occasionally in tlie lungs, and 
niay then be apparent in the sputum. Saumgarlen,^ Israel,^ Jekino- 
leitseh •* Ktiscliete and PdUauf [and Ltndt] have described such cases. 
Palt-iuf ha^ found the characteristic granular masses in the sputum in 
cases of actinomycosis, and their peculiar raj like arrangement is made 
e\ ident b) the application of Gram » method. Jeh uioteitgek and Kiiaclteio 
lia\e shown that m the ipiitum tlip characteristic actinoniyces occurs. 
Fir 1 dewnption of the raj fungus sec the chapter on Pw. 




It should be mentioned 1 ere that organise 1 Ixxlies have often been 
observed of late years in the sputum of whooping-cough, some of which 
may have a causative connection ivith the disease. Thus Deichler^ 
has found in such sputa certain amoeboid cells (protozoa), but his state- 
ment needs confirmation. Burger and Letterieh estabhshed the presence 
of bacilli, and Afanataiew'^ found in the sputum of affected children 
bacilli to which he attributed an exciting influence ; iiud since his 
opinion is supported by Smisdienko *" (who performed careful cultivation 
experiments to elucidate the subject), it is probable that the bacillus of 
A/anoMiew has really a close relation to whooping-<!ougli, 

2. InftuorU.— Infusoria were first found by Kantienlierg'^ in sputa 
derived from pulmonary gangrene. They were of the monad and cerco- 
monad varieties. They occurred usually enclosed in small yellow droplets, 
which also held mai^rine crystals, and exhibited sluggish uu)vement& 
Such organisms are described at length in tlie chapter on Fi^eg. 
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For their detectitni in the sputum Kannenherg has adopted the follow- 
mg method : — A little of the fungoid substance mentioned above is 
placed beneath a cover-glass on a slide, and spread out by pressure in a 
very thin layer. A few droj)s of a i per cent, solution of common salt are 
then added. The cover-glass, with some of the preparation on its surface, 
is next dried, and afterwards put to stain in a watery solution of methyl - 
violet, washed in water, and, while still wet, placed in a concentrated 
solution of acetate of potash. By this process the protoplasm of the 
monads is stained a beautiful blue. 

3. Vermes. — It very seldom happens that ascarides are found in the 
sputum, and cysts of echinococcus in a perfect state have been but 
rarely known to be expectorated. Eichhorst^- and also Hochsinger^^ 
have described cases in which this happened. Diagnosis in such cases 
cannot be attended with difficulty. The cyst, however, is generally 
discharged in fragments. These appear to the naked eye as whitish- 
yellow shreds, and may Ije recognised microscopically by their uniformly 
striped texture (fig. 6i). The discovery of the booklets of echinococcus 
in the sputum is a fact of great imjKjrtance in diagnosis. They may 
be readily recognised by their characteristic form (fig. 6i). Charcot- 
Leyden crystals in great quantity commonly accompany them. 

It would appear, too, that the expectoration may contain the eggs of 
Distoma haematobium. The author is indebted to Dr. Schiess-Bey of 
Alexandria for a specimen which plainly shows that this parasite settles 
in the lungs, and it follows that when the pulmonary structure breaks 
down, it may be expelled with the sputum. Similar observations had 
already been made by Manson,^ 

10. Crystals. — Very many forms of crystals have been found in 
the sputum, but for the most part their discovery is without great sig- 
nificance in diagnosis. 

1. Oharcot-Leyden Crsrstals. — We shall consider these bodies first, 
for the reason that they seem to possess some pathological interest. 

Leyden ®^ often found crystals in the sputum of asthmatic patients. 
They abounded chiefly in the semi-solid greyish-yellow pellets dis- 
charged during a paroxysm. These crystals were colourless and of 
the pointed octahedral form. They were insoluble in cold water, aether, 
alcohol, and chloroform, but dissolved readily in acetic and mineral 
acids, alkalies, warm water, and ammonia. They are identical with the 
crystals to Ix*. seen in post-mortem blood, and described at p. 30, and 
with those of the semen, and with others that are met with in the 
faeces in cases of anchylostomiasis. According to Schreiner^ such 
crystals are the phosphate of a new base, which, according to the 
researches of Ladenburg and Ahel,^"^ is probably identical with aethyl- 
emnim, or diiethylendiamin.®^ 
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Leijden believed tlint the crystals nere the exciting ciiuse of the 
asthmatic paroxysm Fneifreich and Zenker ^ found them m expectti 
rat«d fibrin-coagula, and Btxzozero '" in the sputum of acute bronchitis 
from patients who wore not subject to asthma. The iiithor can corro- 
borate the statements of these obser^eis [T;oup^' asserts also that 
neither ipirtds nor C hare ot-Lej den crjstals arc tiathognoraonic of anj 
one disease, but points out tliat the former are m\ariably to be found 
in asthmatic sputa, and bj their presence cause the |>aroxjsm« A 
charactenstic feature ()f the conditions in which both spirals and crys 
tols arc found is marked desquamation of the mucous surface of tlu 
bronchioles, anil the same author refers the origui of Charcot Lej den 
crystals to the altered cells which are thus stripjwd off] 

2 Hffiinatoidin Crystajs — Crj stall of hiematoidin, descnlied bj 
Virchow, irxedieiehf and Schiill-e, occur in the sputum as nibj red 
rhombic prisms either solitarj or in groups or n* needlii or cluster^ of 



Fio. «j.— Cli«rogt-Ujiten Cryitals, from Ihe Sputum o( nil A>tliinaUo patient (ej-c-piocc 11].. 
ob]«tlie VII., WnrfMocI). 

needles. Tliese crystals, or fragments of them, are often found enclosed 
within the substance of white blood-corpuscles (fig, 49 e). Under such 
circumstances hasmatoidin is also seen, either free or in the interior of 
the white blood-corpuscles, as a mass of pigment in which no trace of 
the crystalline formation can be disco veretl. 

When htematoidin trj-stals apfiear in the expectoration, we may 
conclude tliat blood has been effused anil suffered to remain for soim- 
time in the air-passages, or that an abscess has perforated the luiig. 
They occur most abundantly, therefore, in phthisis after lieemoptysis, 
when pulmonary clots are in process of absorption, very often in pul- 
monary abscess, and when an abscess or suppurating hydatid cyst has 
discharged into the lung. When Ihe eri/glals are contain^} in cells, they 
point to a previous hcemorrhage ; hut tehen free htematoidin ie present m 
eonsiiterable quantiti/, the inference is thai an abacene has diseharijeil 
from some neighbouring organ into the lung. 

3. OholeBterin Orygtala — Crystals of cholcsterin were found in the 
sputum of tuberculosis by Bie^-iner,'^ and in pulmmiaiy al>scess by 
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Leydeti,'** In connection with the former disease they are often to be 
seen there, hut in very small quantity. The author has observed them 
in great numbers in a girl who had a hydatid abscess in the lung, and 
in a man suffering from chronic pulmonary inflammation. According 
to BlcLc/iy"^^ cholesterin crystals are plentifully present in the remains of 
old inflammatory exudation. 

These crystals are distinguished l^y their i)0werful refractive action on 
light. They are in the form of large, and often irregular, rhombic tables, 
which have a tendency to cohere in groups. They are readily soluble 
in asther; insoluble in water, acids, and alkalies (fig. 125). When the 
crystals are treated witli dilute sulphuric acid and a little tincture of 
iodine, a violet colour is formed, which presently changes to blue, green, 
and red. With sulphuric acid alone, they become first yellow and then 
green, these colours spreading from the edges. 

Pathologically, these bodies are of little consequence. They are per- 
haps most apt to form when pus from some other organ has l)urrowed 
into the lung, and lodged there for a time before being discharged 
through the bronchi. 

4. Fatty Crystals (Margarine Needles). — These are seen chiefly in 
putrid bronchitis and pulmonary gangrene. They characterise the 
discharge of unhealthy pus within the lungs, and belong to bronchi- 
ectasis and occasionally to tul^ercle. They occur either singly or in 
clusters as long shai7>-]>ointed needles, and are occasionally vaulted or 
saddle-shaped. They dissolve readily in aether and boiling alcohol, and 
are insoluble in water and acids. This character facilitates their recog- 
nition (fig. 142). Recently the author has found them in plugs, which 
evidently originateil in the crypts of the tonsils (see p. 89). 

It follows from their occurring in so many different diseases that the 
discovery of these crystals in the sputum lends but little aid to diagnosis. 

As to their chemical constitution, they consist, most probably, of the 
sodium, potiissium, calcium, and magnesium Siilts of the higher fatty 
acids, as ]>almitip, stearic, &c. 

5. Tyrosin Orystals. — Lef/dm"^^ first found tyrosin crystals in the 
sputum of a girl with putrid bronchitis, and again in the case of a man 
who had an empyema discharging into the lung. They appear micro- 
scopically as fine needles scattered separately or in clusters. As a rule, 
they occur simringly in fresh sputimi, but form in greater quantity when 
the specimen has been allowed to stand for some time. 

Leydeti luid Kaniienl)erg are of opinion that a profusion of tyi'osin 
crystals implies the existence of a perforating abscess of the lung. 

It should be observed, however, that in many instances substances which 
have been taken for tyrosin were, in reality, lime and magnesia salts of the higher 
fatty acids. 
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Tyrosin is usually associated 'with leucin in the sputum. The latter 
occurs in faintly lustrous spherical particles (B, Fischer),'*'^ It has the 
same import as tyrosin. 

For the detection of both these substances the method described in 
connection with the Urine may be employed. 

6. Oxalate of Lime. — FUrbringer "^ has reported a case of diabetes in 
which the sputum contained large quantities of oxalate of lime. It 
occurs either in the form of octahedral (envelope-shaped) crystals (fig. 
112), or as an amorphous conglomerate. Ungar"^^ found this body in 
the exi)ectoration of a knife-grinder, aged twenty-eight, who had suffered 
for years from asthma. 

The crystids of oxalate of lime are readily known from the fact that 
they are soluble m mineml acids, and insoluble in water, iUkalies, organic 
acids, alcohol, and aether. 

7. Triple Phosphate. — The characteristic coffin-lid crystals have occa- 
sionally been met with (fig. 1 1 3). They are soluble in acids of all kinds, 
and are, therefore, only to be found in the alkaline sputum. They are 
for the most part a product of the decomposition of proteids, attended 
with the liberation of anmionia. They are commonly to be seen in 
purulent exudation, and consequently are very plentiful in the expectora- 
tion from a discharging abscess. 

Other crystals are also occasionally observed in the sputum. Fig. 49, r/, 
represents some that were expectorated in a case of phthisis. They gave 
the chemical reactions of carbonates (carbonate of lime), the evolution of 
gas on the addition of acids, &c. 

m. OHEMIOAL EXAMINATION.— The chemical examination . of 
the sputum throws little light upon disease, 

1. Proteids and Allied Substances.— Of these, serum-albumin 

and large quantities of mucin and nuclein (H, Kossel^) are normally 
present. Peptone occurs in the expectoration of pneumonia and other 
purulent conditions — in general, in all cases where the sputa contain 
pus-colls in abundance.^^ 

Tlie best method for the detection of proteids is that recommended 
by Hoppe-SeyJer *- as a test for albumin in serous fluids. 

The " pnuie-juice " expectoration of pulmonary oedema is very rich 
in serum-albumin. For the detection of this body, the sputum may be 
extracted with very dilute acetic acid, and the filtrate tested with ferro- 
cyanide of potassium, when its presence mil l)e shown by turbidity or 
a precipitate. 

2. Volatile Fatty Acids. — Various volatile fatty acids may occur 
in the sputum, and, notably in gangrene of the lung, acetic, butyric, and 
sometimes caproir acids are met with.^-* In testing for these bodies, 

H 
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the sputum is diluted with water and phosphoric acid added. The 
volatile constituents are driven off hy distilling them in a vessel heated 
by steam. The distillate is then tested in the manner laid down in the 
chapter on Fceces. Some fat can be obtained from all sputa, and those 
of tubercular patients contain a large quantity.^ 

To separate the fats and non-volatile fatty acids, the sputum is acidu- 
lated and extracted with aBther, and l)y repeatedly shaking up the 
aethereal extract with a watery solution of sodic carlwnate, the acids 
are converted into their corresponding salts, which remain dissolved in 
the watery solution. The sether is pipetted or sijihoned off, and the 
fats obtained after evaporation of the aether. The sputum of pulmonary 
gangrene contains several members of the aromatic group, as indol, phenol, 
and scatol.^ 

8. GlyCOgfen. — This body has l^een repeatedly detected in the 
sputum by Salomon,^ Its presence may be demonsti-ated l)y Brackets 
method. 

4w Ferment. — FileJme, Stolnikow, and Staddmann ^" found that the 
sputa, especially in pulmonary gangrene and putrid bronchitis, contain a 
ferment resembling in its action one of the pancreatic ferments. It is 
soluble in glycerine, and may be extracted by that body from the sputum. 
Escherich ^ has been able to demonstrate its presence in the sputum in 
all cases of extensive destruction of hmg-tissue. 

5. Inorganic Constituents.®^— These are chiefly— 

1. Chlorides : of sodium and magnesium. 

2. Phosphates : of soda, lime, and magnesia, 

3. Sulphates : of soda and lime. 

4. Carbonates : of soda, lime, and magnesia. 

5. Per-salts of iron (rarely) — phosphate of iron. 

6. Silicates. 

The inorganic matter of the sputum has little bearing on clinical 
diagnosis. For its analysis the organic constituents must first be 
removed by incineration, when the usual tests may be applied to the 
ash. (For further information consult Hoppe-Seyler's Handbuch dcr 
Physiologisch- und Pathologisch-chem. Analyse, 5 th ed., p. 316.) 

IV. THE OHABAOTEB AND CONSTITUTION OF THE SPU- 
TUM IN THE PBINCIPAL DISEASES OF THE LUNGS AND 
BBONCm. 

1. Diseases of the Bronchi. 

1. Acute Bronchitis. — At the outset the expectoration is viscid, 
white, and scanty, and occasionally streaked with blood. Microscopi- 
cally it exhibits very few cells, and is devoid of specific fungi {tubercle 
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^KicUlus, ^c). At a later i>eriod it becomes more abundant, assumes a 
l)ale-green tint, and under the microscoiie is seen to consist chiefly or 
entirely of pus-cells. Elastic fibres are never present. 

2. Chronic BronchitiB and Bronchiectasia — The expectoration, which 
is copious, green in colour, and without any characteristic odour, is 
formed mici-oscopically almost entirely of pus-cells, with which are 
mixed a considerable number of fat-holding epithelial cells and myelin 
particles, and a host of non-i>atliogenic micro-organisms. When ulcera- 
tion of the bronchi takes place in the course of clironic bronchitis, lead- 
ing to bronchiectasis, a very abundant expectoration is discharged in the 
morning. The fluid, which is usually thin, tends to arrange itself in 
three layers when allowed to settle. Of these, the topmost is frothy, 
the next consists of watery fluid, and the third, which is of greater 
itonsistence, is formed almost exclusively of cells. 

Li chronic bronchitis complicated with astluna, the sputum during 
the paroxysms, and immediately afterwards, exhibits spirals (see p. 98), 
and Charcot'Leyden (i)p. 30, 99) and other crystals. 

3. Putrid Bronchitis. — The expectoration of this disease is thick, 
greenish-brown, and has a very disagreeable sweetish odour. Micro- 
scopically it contains a profusion of micro-organisms of various kinds, 
and very often exhibits large tufts of fungi, which colour blue with 
iodine and iodide of jwtassium solution, epithelium — usually in the pro- 
cess of fatty degeneration — and fungoid plugs (p. 102), but no elastic 
fibres, no shreds of alveolar tissue, and no specific fungi. 

Lumniczer ^ litis separated by means of Koch^s plate cultivations (see 
Chapter X.) a number of micro-organisms from the sputum, amongst 
them Stai)hylococcus pyogenes citreus and albus, cereus flavus and 
albus, and Diplococci ; and also a fungus, the colonies of whicli, when 
ilevelojied in nutrient agar-agar, emitted the odour belonging to the 
exi)ectoration of putrid bronchitis. It is a six)re-fonning bacillus, 
1.5-2 fi in length, thickest in the middle, and rounded off" at the ends. 
It was also seen ready formed in the sputum. Wlien introduced within 
the lungs and brf>nchi of rabbits it excited inflammation there. 

Lcuhisch and Rokitanshj,^^ by means of Baumann and Udraiish/s 
benzol test, have detected cadaverin (pentamethylenediamin) and an- 
other diamin in these sputa. 

4. Plastic Bronchitis. — The sputum contains fragments of the 
croupous membrane and coagula of fibrin, with which are entangled a 
profusion of epithelial cells and fungi (fig. 55). From these api^ear- 
ances, and in the absence of pneumonic symi)toms, the condition is 
readily diagnosed. Occasionally it has to be distinguished from 
chronic fibrinous bronchitis. The distinction will Ije made on clinical 
grounds. 



I 1 6 THE SPUTUM. 

2. Diseases of the Lung Tissue. 

1. Pulmonary Tubercalosis. 

(a.) Miliary Tubercalosis of the Lung. — The sputum in this condition 
is merely that of acute catarrh. Tubercle bacilli are nevei' to be found 
in it 

(6.) Acute Tubercular Infiltration of the Lung. — An early diagnosis 
of the condition is of the utmost consequence, and happily it has been 
rendered possible by Koch's epoch-making discovery of the tubercle 
bacillus. Two forms of the disease may be distinguished, according as 
the symptoms partake of the typhoid or of the pneumonic character. 

(a.) The Typhoid Type, — The symptoms are rigors at the outset, per- 
sistent high temperature, enlarged spleen, extensive roseolar rash, which 
at times suggests that of typhus exanthematicus, and commonly profuse 
diarrhoea. The physical signs are those of severe catiirrh in both apices. 
There is no dyspnoea. The pulse is frequent, respiration is but slightly 
accelerated, and lividity is not marked. The sputum is viscid and 
scanty. It contains but little tissue-debris, and only a few bacilli, which, 
moreover, are always provided tcith spores. 

After the lapse of a few days, dulness on percussion and bronchial 
breathing may be obtained over the apices. The sputum becomes puni- 
lent, and when again examined is found to contain swarms of tubercle 
bacilli. There are also to be seen elastic fibres, showing an alveolar 
arrangement, and a large quantity of epithelium. The physical signs 
now give evidence of one or more largo caWties, and the fever assumes 
a remittent character. Death generally ensues in three or four weeks, 
the mode of dying being that of chi-onie tul>erculosis. 

(.ft) The Pneumonic Type l^egins with sustained high temperature, 
marked lividity, and accelerated breathing. The physical signs \m.ni 
to catarrh of both apices, and the sputum contains a few bacilli. Later, 
the characteristic symptoms of infiltration of the lungs set in ; the 
expectoration ])ecomes more profuse, and the contained bacilli more 
numerous. The disease runs a very rapid course, often lasting only 
for some days. Anatomically, the condition is one of acute tubercular 
infiltration of l)oth lungs. 

(c.) Chronic Pulmonary Tuberculosis. — The diagnosis of this disease 
has been greatly facilitated by Koch's discovery of the bacillus of 
tubercle. As a residt of his exi)erience of many hundred cases in the 
clinic of Professor Nothnagel, the author luis no hesitation in affirming 
the principle so often laid down by other authorities, that the presence 
of tlie tubercle bacillus in the sputum invariably implies the existence of 
tuberculosis. Let this fact be granted, and no more is needed at once 
to emphasise the importance of that recent contribution to our know- 
ledge, and to imi)ress upon the physician the necessity of rendering 
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himself familiar with the very simple methods by which the bacillus 
may be identified (p. 104). Experience has already accumulated cer- 
tain data. In the first ])lace, it must be mentioned that in most, 
though not in all cases, the abundance of the bacilli is in proix)rtion to 
the severity of the disease; and again, the proliferation of bacilli is 
apt to run parallel to the intensity of the febrile symptoms. The 
supervention of hsBmoptysis is attended with an apparent {H. v 
Friach ^) diminution in their number, but this may well be owing to 
the fact that the sputa are in such a case diluted by the profuse admix- 
ture of blood. 

It is oidy when the tubercular process runs the very rapid course 
described above that the Ijacilli, then usually carrying spores, are so 
abundant as to fill the entire field. 

It was held at one time that the api)earance of elastic fibres in the 
.si)utum was a sure token of incipient tubercidosis, but more recent 
research has shown that they may be found equally in the course of 
pulmonary ulceration of whatever kind ; and so with other manifesta- 
tions to which great importance was formerly attached. The signifi- 
cance of all or any of them is very slight in comparison with that 
belonguig to the 8i>ecific micro-organism, upon the detection of which 
alone a positive diagnosis can be formed. [By the method of examining 
the sputum in sections already referred to (p. 94), Gahritschewsky ^^ haa 
observed giant-cells in three out of four cases of pulmonary tuber- 
culosis.] 

It does not necessiirily follow from the presence* of the Ixicillus in 
the sputum that a fatal termination is impending. The author has 
met with such cases in which the i>atient eventually recovered, but they 
are very rare. And doubtless an atmosphere crowded with the bacilli 
of tul)ercle (as that of the consumptive wanl of a hospital) must neces- 
.sarily give but little chance of cure. Possibly this is the reason why 
the hospitid i)hysician has so seldom an opportunity of observing it^ 

.Vllusion may ])e made here to Koch's i)rocess^^ for the detection 
(luring life of tubercular proliferation in inaccessible parts. The diag- 
nostic value of the discovery is not yet* finally settled. Numerous 
clinical observations have sho^vn that i)erson8 infected with tubercle 
Imcilli do in fact exhibit a reaction when injection has l>een made upon 
them, while the heiilthy and those subject to other diseases generally 
fail to do so. The process, however, is neither entirehj trustworthy nor 
altogether free from danger, Tlie initial dose should in all cases be less 
than 0.0 1 cc.^ 

2. Ohtonic (Non- Tubercular) Inflammation of the Lung. — Under 
this heading may l)e grouped all those conditions which would formerly 
have Ijeen thought to present the typicid character of tubereulosii 
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fever, night-sweat?, &c. — but in which repeated search will fail to detect 
the bacillus in the sputuni. In one such case the autoi)8y showed caseat- 
ing masses of considerable extent, but these, even to the naked eye, 
were sufficiently discernible from tubercular deposit. 

As regards the sputum, its essential characteristic is the abaetice of 
tubercle bacilli. It further contains a large quantity of elastic tissue 
and a profusion of epithelium cells, and especially of their myeloid 
derivatives. If we may infer from the very slender data wliich have 
as yet accumulated, the disease is attended throughout with slight 
fever, and death by asthenia occurs sooner or later. ^'^ The author is 
convmced that, with a little more care, we should learn to recognise 
the non-bacillaiy form of phthisis in many instances where at present 
it is not thought of. 

3. Oroupous Pneumonia. — At the outset of this disease the expec- 
toration is very scanty, of a white colour, and here and there sti-eaked 
with blood. Microscopically, it exhibits only a small number of red 
and white blood-corpuscles ; it usually, though not always, contains the 
specific micrococci which will presently be described. 

Later, and in some cases only a few hours after the initial rigor, the 
sputum has a rusty tinge. It is usually also at this period remarkably 
tenacious, and adheres firmly to the spit-box. When placed under the 
microscope, it is seen to contain but a small number of much-shrivelled 
blood-corpuscles, the red ones arranged for the most i)art in rows. 
They are too few to accoimt for the colour of the sputum, which is due 
rather, as Trauhe surmised, to the presence of dissolved haemoglobin. 
In addition to these there are some leucocytes, and the alveolar epi- 
thelium which has been noticed in another place (p. 95). In rare cases 
the spiral bodies already descrilied and shreds of fibrinous coagula may 
also be observed. 

The colour of the sputum at this stage, and even later, may be grass- 
green, even though there be no jaundice. Professor Nothnar/el ^® is of 
opinion that und(»r such circumstances the colouring matter of the 
blood is changed into bile pigment. At his desire the author has 
examined some of these grass-green sputa. They wore dissolved in a 
mixture of alcohol with a little chloroform, which was then filtered 
and the filtrate eva[>orated, when a substance remained l)ehind which 
presented all the characters of biliverdin. We may assume, therefore, 
that the green colour of the sputum in such cases is due to the conver- 
sion of hiemoglobhi or haematin into bilirubin, a change which is the less 
remarkable if we consider the very close chemical relations which these 
two bodies bear to one another. The bilirubin formed woiUd then l)e 
oxidised to biliverdin in the lungs. 

Trauhe maintains that the grass-gi'een sputji l^long especially to 
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subacute pneumonia, and that they also occur when a puhnonary al)sc«8s 
forms in the course of pneumonia. 

It would appear from the researches of Rosenhadi ** in NothnageFs 
clinic at Jena, that the ^sputa may be tinged green by certain micro- 
organisms, most prolmbly the Micrococcus chlorinus,^^ altogether inde- 
pendently of pneumonia. This hapj)ens under many circumstances ; 
and the fact has in itself no clinical significance. 

Later in the coiu^e of pneumonia the expectoration becomes more 
abundant and watery. Its colour changes from bro>vnish-red to a 
saffron- or citron-yellow, the alteration in most cases depending upon a 
change in the character of the blood pigment. Fibrinous coagula, and 
occasionally also spirals, ])ecome now more numerous. 

It must be noted, however, here, that such saffron- or citi*on-yellow 
sputii do not belong exclusively to pneumonia. Rem^^^ has recorded 
a case of tuberculosis, in which microscopical examination showed a 
profusion of hsematoidin crystals in the expectoration, which was of a 
yellow-ochre tint. Loicer^^^ also has called attention to a form of 
sputum essentially distinct from that of pneumonia, though, like it, 
characterised by a yellow colour, which generally first appears after 
the sputum has been voided. It occurs, according to Traube, almost 
exclusively during the summer months in connection with tuberculosis, 
pleurisy, and pleiu*itic exudation. The colour in this case is due to the 
presence of micro-organisms, and no special importance attaches to the 
condition apart from its liability to be taken as a sign of pneumonia. 

In the later stages of pneumonia, the fibrinous coagula disapi)ear largely 
from the si)utuni, and the red corpuscles and leucocytes are greatly 
lessened in number and show fatty degeneration. There may still be 
a few spirals, and elastic fibres are to l)e met with where ulceration is 
in progress. Finally, alveolar epithelium, either very fatty or hyaline (?) 
[Feiterstock ^^], and commonly, too, exhibiting the myelin forms, is pre- 
sent in great abundance. 

Lastly, if the disease tend towanls recovery, the colour begins to dis- 
appear from the sputum, which also under the microscope exhibits a 
constantly diminishing proportion of epithelium (still, however, fatty), 
until at last a time arrives when it is indistinguishable from that of an 
ortlinary bronchitis. 

The subject under consideration would not l>e complete without some 
notice of the position which may be accorded to the pneumonia-coccus 
of Frif(U(indei\ when studied as an adjimct to diagnosis. We are not 
here concerned with the discussion of its effects as an agent of disease, 
and shall confine ourselves strictly to its significance as a symptom. 
Upon this point the author has collected the records of a large number 
of cases. 
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It shoiild. be stated in the drat platp tliat, in e\'ei'y case of | 
to which they have been applied, tlie methods of FriedlSndei- and Gram, 
idready dest^ribed, have disclosed the presence iu the sputum of bodies 
resembling tlie microbe of pneumonia. Since this is true also of coses 
of central pneumonia, which are always so difHcult to diagnose at the 
outset, it becomes in the highest degree desirable to assign to thi>se 
forms their projKir sigiulicaiice. Pure cultiviitious of piicuiiiouia-cocei 
aru sometimes to be seen in the sputa of the disease (see ti^', 63). It 
may, perhaps, be assumed that in doubtful cases their presence will 
L'onfinu the suspicion of pnourannia ; but inasmuch as Friedliiwlei'e 
microbes (or rather, it should be said, certain forms which closely 
resemble these) have been found in the expectoration of other conditions, 
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that cultivation-results are not decisive, since fungi resembling tlie 
Fi-iMel-Weic/i^lMum coccus may tie derived friini sjiiita which are 
not pneumonic. Moreover, it would appear from the oleervations of 
Fi-finkel "^ mid Weiehnetbattm "*" that there are several distinct microbes, 
which are capable of giving rise to the symptoms of pneumonia. The 
researches of Neumann^"'' have still further extended the limits of tlie 
variety which may be observed. It should, however, be mentionetl that 
the researches of Frdnkd 1** and Weieliselbaum '™ leave no doubt tlmt 
amongst the numerous micro-organisms which are present iu croupous 
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pneumouia, a Diplococcus is most commonly to be fouml (Micrococcus 
of pneumonia, A, Frdnkd; Diplococcus pneumoniae, WeicJwdbauni), 

Profikdf^^^ Fodj BorcUmi- Vffirduzzh^^^ and Wfichselbaum have observed the same 
Diplococcus in the purulent exudation of cerebro-spinal meningitis ; but it would 
appear from the researches of Weichsdbaum '" and OM^chmidt ^^' that there are 
also other forms which appear to be associated in a closer manner with this 
disease. 

To sum up our knowledge, it must be admitted that the subject of 
the pneumonia microbe needs further elucidation. It is likely that 
there are several fungi which may excite the disease. The sputum of 
pneumonia occasionally exhibits pure cultivations of these fungi (fig. 63) ; 
but their presence must not be made the basis of a too confident infer- 
(»nce. It is only under si>ecial circumstances that diagnostic interest 
attaches to any of them.^^* 

The subject of ixifliienxa, which of late years has attracted so much attention, 
is purposely avoided here, since in spite of the many efforts that have been made 
to elucidate it no distinctive microscopical or bacteriological characters have yet 
been assigned to it. 

4. Pulmonary Abscess. — The sputum of this condition generally 
looks like pure i)U8 when seen with the microscope. It emits a faint 
and slightly foetid odour ; and it tends on standing to stratify in two 
layers, of which the lower consists of pus-cells, whilst the upper is 
watery and topped with froth. Microscopically the sputum is subject 
to variety, but in general it exhibits shreds of lung tissue, and very 
commonly elastic fibres with the alveolar disi)osition (fig. 50), fatty and 
<lisintegrated pus-cells, haematoidin — partly in the fonii of well-shaped 
crystals, partly as brown or reddish pigment-particles of varying size — 
often also cholesterin crj'stals ; these are espec^ially abundant in cases 
where the pus has been of long accumulation. T^Tosin and balls of 
leucin are occasionally present ; fatty crystals are more commonly 
found ; and finally, a profusion of fimgi of various forms, but these are 
never specific. 

5. Gangrene of the Lnng. — The sputum has a penetmting and ex^ 
tremely unpleiisant smell ; is abundant, thin, and of a dull-green colour. 
It separates on standing into three well-marked layers. ( )f these, the 
upper is frothy, very turbid, and of a greenish-brown tint ; the middle 
thin, and of a watery or serous character ; whilst the lowest is ojiaque, 
viscid, and ranges in colour between brown and green. The last occa- 
sionally contains brown shreds of lung tissue of varying size. 

Microscopical examination shows that the ui)per layers contain but 
few formed elements. In the lowest layer, however, there is a large 
proportion of detritus, fatty globules of irregular size, rarely crystals, 
but most commonly haematoidin crystals and amorphous masses ; an 
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enormous quantity of fungi, notably fission-fungi ; often large tufts of 
fungi, wliich stain blue with the iodo-iX)tassic-ioclide solution (Lepto- 
thrix), together with other fomis, which resemble starch granules and 
stain similarly witli the same reagent; and sometimes also monads 
(Kannenherg).^^^ It is important to notice the absence of elastic fibres. 
Stadelmann^^^^ however, says they often occur in this kind of sputum. 
The sputum contains a ferment which acts like pancreatic juice, and it 
is this whicli probably causes the solution of elastic tissue (see p. 97).* 
Boncnne ^^^ has constantly found in such cases the Staphylococcus albus 
and aureus, which on this account he regards as the cause of this disease. 
The rese^arches of Hirschler and TeiTay^^^ have disclosed a great 
variety of micro-organisms in this disease. They include a numl^er of 
Staphylococci — in addition to those already mentioned, Staphylococcus 
pyogenes citreus, and cereus albus — Bacillus pyocyaneus, and a micro- 
coccus wliich thrives on gelatine, agar- agar, and blood-serum at 20*- 24*, 
and on gelatine produces cultivations resembling four-leaved clover or a 
flower of six petals. It Hquelies gelatine slowly, and on all nutrient sub- 
stances develops a smell closely resembluig that of gangrenous sputum. 
This fungus causes disease when inoculated upon animals. It assimi- 
lates anihne colouring-mattei*s of all kinds. It is stained with difficidty 
by GranCa method. It remains to learn whether it has any relation to 
pulmonary gangrene, and of what nature this may be. 

6. Pulmonary (Edema. — In this condition the sputum is abundant, 
thin, and watery, and accoixling to the nature of the underlying pro- 
cess is either white and frothy (like soapy water), or of a rusty brown 
colour (like prune-juice) Microscopically it holds comparatively few 
cellular elements. The leucocytes and the few epitheUal cells to bo 
seen, especially in cases of acute oedema, are free from fatty changes. 
The red blood-corpuscles are few, and their number is inadequate to 
account for the deep colour of the expectoration. In one case the 
author believes that by digestion with water and subsequent filtra- 
tion of the sputum he obtained the characteristic absorption-bands of 
methflemoglobin with the spectroscope. The presence of abundance of 
albumin may be shown by chemical means. ^^^ 

7. Hflsmoptysis. — In cases of profuse haemorrhage from the lung, the 
sputum consists entirely of bright-red frothy blood, with scarcely any 
trace of other tissues. When the haemorrhage has diminished in inten- 
sity, the expectoration for several days continues to exhibit a reddish 
or reddish-brown colour. During tliis period leucocytes and epithelium 
are plentifully met with, the cells usually enclosing crj'stals and amor- 
phous particles of hsematoidin. The formation of small cavities in the 

* [This view is opposed by Troup (" The Sputum," p. 48), who adduces important 
facts in support of his position.] 
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course of tubercle is the commonest cause of i)ulmonary haemorrhage. 
In addition to this we shall here notice only the rupture of an aneurysm 
into the bronchi, and remind the reader that a persistent hyi^ersemia of 
the lung may also give rise to this condition. 

8. HsBinorrhagic Infeurction. — In cases of recent hsemorrhagic infarc- 
tion of the lung, single coin-shaped masses of blood, of a bright-red 
colour, and intimately mixed with froth, are expectorated. After the 
lapse of several days the sputa assume a brownish tint, and answer the 
description detailed in the last paragraph. Further, as a rule, they 
contain a number of epithelial cells and leucocytes undergoing fatty 
degeneration. The cause of this condition is generally to be sought in 
fimctional or organic debility of the heart. 

9. Pneumoconiosis.^-^ 

(a.) Anthracosis of the Lung. — The sputum of tobacco-smokers and 
those who habitually breathe an atmosphere laden with soot always 
contains some proportion of carbon particles. In such cases the expec- 
toration in the early morning is of a pearl-grey colour, and is brought 
up in pellets of viscid and remarkably tenacious substance. In a typi- 
cal case of anthracosis the sputum ranges in colour from dark-brown to 
black, and is somewhat abundant. Microscopically it exhibits particles 
of free carbon, readily discernible by their resistancee to the action of 
acids and alkalies ; and generally a quantity of leucocytes and alveolar 
epithelium, in each case choked with pigment i^rticles. 

(6.) Siderosis Pulmonum. — The sputum is usually brownish-black in 
colour, and has all the characters of that of chronic bronchitis. Under 
the microscope the contained leucocytes and alveolar epithelium are seen 
to be laden with a reddish pigment, which by its reaction with sidphide 
of ammonium (black colouration from formation of sulphide of iron), or 
with hydrochloric acid and ferrocyanide of ]x)tiissium (pnissian blue), may 
be known to consist of iron. 

(c.) Mason's Lung. — Here, too, the sputum has generally the appear- 
ance of that of chronic })ronchitis ; ])ut in addition it contains imrticles 
of dust, either free or enclosed within cells. Lime and gypsum dust 
are readily recognised by their chemical proj^erties (see the chapters on 
Fieces and Unne) and ultramarine by its colour. In other cases evi- 
dence will be forthcoming from indeiM»ndent wurces as to the nature of 
the substance in que>stif»n. 



CHAPTER V. 

THE GASTRIC JUICE AND VOMIT. 

1. EXAMINATION OF THE GASTRIO JUICE.— Like the saliva, 
the gastric juice is the product not of one hut of several distinct sets 
of glands. It is composed of the fluid secreted by the pyloric glands 
of the stomach and that of the cardiac glands, these fonuing its active 
digestive ingredients ; and it includes also a portion of the buccal secre- 
tion which has been swallowed and is already partly changed in the 
process of digestion.^ 

!• Naked-Eye Characters. — The gastric juice of man is a colour- 
less fluid, generally clear, but it is occiasionally turbid. Its reaction 
is acid. 

2. Formed Elements* — Microst^opical examination of the gastric 
juice at a time when the stomach contains little or no residue of undi- 
gested food shows single squamous epithelial cells derived from the 
upper part of the alimentary c^anal; columnar epithelium very rarely 
and only in special insttinces ; fungi of various kinds, esi)ecially bacilli 
and micrococci ; and usually also yeivst cells. AMous- has distinguished 
sixt(^en tlifferent micro-organisms. Amongst these are Sarcina ventriculi, 
JIacillus pyocyaneus. Bacterium lactis aerogenes, liacillus subtilis, and 
others, all of which eff*ect changes in the food — albumin, milk, or carbo- 
hydrates. From this fact it would appear probable that in the stomach, 
as in the intestines, certain of the fission-fungi are concerned in physio- 
logical functions. On the other hand, there can })e no doubt that the 
gastric juice is the means, under appropriate conditions, by which a host 
<»f the most <langerous germs of disease are rendered harmless and 
destroyed. This property is derived from the free hydrochloric acid 
which hinders the development of such fungi.^ Acconling to Jaworski,^ 
the microscopical characters of the fluid differ according as it has an 
acid reaction or otherwise. 

If the examination be made while digestion is going on, the character 

of the gjistric juice will approach that of which we shall have occasion 
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to speiik later when dealijig with the vomit, i.e., it will con tarn the 
remains of the food. 

8. To Obtain the Gastric Juice. — Leulm^ and Kulz^ were the 

first to employ the gastric sound for tliis purpose in man. Its use is 
imattended witli danger provided the tubes are elastic and too energetic 
aspiration be avoided. To procure the gastric juice for tlie purpose of 
chemical analysis, whether in health or disease, tlie following i)rocedure 
has been recommended by E. Schiitz." 

A time is chosen when the stomacli is empty, so as to prevent, as far 
as ix>ssible, the admixture of impurities derived from the food, and to 
this end the morning is generally the best. A pliable gum-elastic 
sound, perforated at the end with a number of ai)ertures not larger than 
a pin's head, and furnished with a lacquered handle, is introduced into 
the stomach, and pushed on until a sHght resistance is encountei'ed. A 
collar of horn is then slipi^ed over its upper part, and grasped l)etween 
the teeth of the person experimented upon, so as to keep the sound in 
position. After the laj>se of about half a minute the handle is removed 
and the sound connected with a stomach-pump. The piston is now 
drawn out, and the projecting extremity of the tube being grasped with 
the fingers, the sound is withdrawn, and its contents discharged by the 
movement of the piston into a glass vessel. As already said, the danger 
of the operation is very slight when i)erformed in this way ; but it may 
be entirely obviated by introducing a mercurial manometer between the 
sound and the pumj), and estimating beforehand the amount of pressure 
(as indicated by the jwsition of the mercury) which may l)e employed 
without applying any considerable suction fon^e to the mucous membrane 
of the stomach. 

It is advisable in many cases, and esi)ecially where children are con- 
cernetl, to adopt the simpler methoil of Boas and Etcdlil,^ which consists 
in applymg pressure over the abtlomen after the introduction of the 
elastic tube. By this means the fluid is forced into the latter, and 
may be drawn off as by a syphon.^ 

As a substitute for these methods, Edinger^^ causes the patient to swallow 
pieces of sponge icompressed and coated with gelatine, and retained by a thread 
which is held in the hand. Spdth^^ similarly uses scraps of elder pith, stained 
with appropriate reagents, or grains of shot having attached to them threads 
soaked in the reagent. Bocci ^^ has devised a little instrument by means of which 
a I grm. of gastric juice may be withdrawn. SafUi and Ounaburg *' employ tablets 
containing potassium iodide in a thin coating of gum, and connected by threads 
of fibrin. These are given to the patient, and the appearance of iodide in the 
saliva is taken to indicate the rapidity with which fibrin is absorbed. 

4. Chemical Constituents of the Gastric Juice.— Of these, 

the most important arc — (i.) Pepsin; (2.) Rennet, or milk-cunlling 
ferment; (3.) Inorganic ami organic acids. Each of these is liable to 
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undergo pathological change, both as to quantity and to quality. Those 
which aifect tlie pepsin and acid constituents are of chief consequence in 
disease. 

1. Pepsin. 

(a.) Detection of Pepsin in the Gastric Juice, — As a test for pepsin, 
its property of changing proteids, e.^., fibrin, into peptone is turned to 
account. The best method of procedure is as follows: — 10-20 cc. of 
the acid fluid, obtained as above, is taken, diluted with water, and 
filtered. To the clear filtrate a small quantity of well-washed blood 
fibrin is added, and the whole kept at a temperature of 40" C. If 
j^epsm be present, the fibrin will be dissolved after a few hours. If, 
after the lapse of 10-12 hours, no change is apparent, or if an odour 
of putridity be given off by the fluid, it may be assumed that the latter 
is free from pepsin. Should it happen also that the secretion obtained 
from the stomach has an alkaline or but feebly acid reaction, it will be 
necessary, before applying digestion tests, to add to it its own volume 
of a dilute solution of hydrochloric acid (8 cc. of the funiing acid in 
992 cc. of water). 

(6.) Quantitative Estimation of Pepsin, — Schiitz^ method may l^e em- 
ployed for the quantitative estimation of pepsin. It is founded upon 
a principle first enunciated by Huppert and iSc/nV^z,^* one of fundamental 
importance for the theory of digestion — namely, that under certain 
conditions at the disposal of the observer, the quantity of peptone formed 
is exactly proportional to the square root of the quantity of pepsin used. 
Schiitz has taken as the pepsin-unit that quantity of the ferment which 
will yield i gmi. of j)eptone under the conditions of his experiment, 
and expresses his results in terms of this unit. For further details the 
reader is referred to the original communication. 

2. Milk-Curdling Ferment. — This ferment was first investigated by 
Hanwiarsten. It may be detected by the following process : — 2-10 cc. 
of cowVmilk, of neutral reaction, is well boiled, and to it is added 
an equal quantity of gastric juice which has been carefully neutralised 
and filtered. The mixture is placed in a warm chamber, or on a water- 
l)ath heated to 3o'*-4o'* C. If the milk-curdling ferment be present, 
the casein of the milk will be precipitated in flakes after the lapse of 
20-30 minutes. The ferment was found by Schumburg^^ and Boas^^ to 
])c invariably ])re8ent in health, and absent in serious disorders of the 
stomach, as cancer and atrophy of the mucous lining. It is wanting 
in infants of from one to two days old ; but Raudnitz ^^ established its 
l)resence in older children who were reared on cow's-milk. It was 
regularly found in a series of investigations conducted on such subjects 
(r. Jaksch), 

Tlie researches of Johnson^^^ Boas,^^ Kletnpei^er,^ C, Rosejithal,'^^ 
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A. Johannessen,^ and 0, Sandl/erg,'^ have thrown much light on tiio 
subject of the rennet constituent of the gastric juice. These tend to the 
conclusion that the ferment is elaborated by the glands, not as such, but 
as a zymogen, which is then transformed into a milk-curdling ferment 
by the action of hydrochloric acid. For the detection of this antecedent 
substance (zymogen), Klemperer^s method may be employed : — To 2 cc. 
of filtered gastric juice are added 10 cc. of milk containing 2 cc. of a 
3 per cent, solution of chloride of c-alcium, and an excess of a i per cent, 
solution of carbonate of soda. The mixture is then placed in an incu- 
liator, and if the zymogen be present, coagulation gradually ensues. 
The amount of the ferment formed varies chiefly with the quantity of 
hydrochloric acid generated in the process. 

Experience has sho\vn that the milk-curdling ferment is in excess in 
conditions of hyper-secretion and undue acidity of the stomach. When 
hydrochloric acid is wanting or but scantily present, the ferment is also 
absent or reduced in quantity ; but according to Klenipere^; the ferment 
may also result from its zymogen in presence of organic acids. 

3. Acids. — The gastric juice contains hydrochloric acid, and also 
butyric, acetic, and lactic acids.-* 

(a.) ACIDITY. — In very rare instances an increased quantity of acid 
has been found in the stomach,-^ and with this is sometimes coupled an 
excessive secretion of gastric juice. 

Riegel '^ made the important discovery that, in canes of round ulcer 
of the stomach, the acid const itueiU of the gastric juice is greatly in excess ; 
and the fact has been further established by the ol)servations of Kor- 
rzynski, Jatcorshi,'^ and many others (see ]>. 147). 

Accoixling to Reichmann, Riegel, Stichery^ and others, a distmction 
is to }ye made l^etween hyi)er-acidity and excessive secretion of the gas- 
tric juice. By attending to this \w\nt it should }ye possible better to 
discriminate l^etween certain affections of the stomach, and especially 
amongst those conditions which are still classed under the general 
heading of gastric catarrh, dyspei)sia, and the like (see p. 149).*^ 

A diminished acidity of the gastric juice occurs tenii)orariIy when a 
large quantity of alkaline substances has been swallowed, and jus a 
persistent condition ap^mrently in all febrile diseases. 

The acidity of the gastric juice may be mejisured in this way : — A 
certiiin (juantity — im^reased, if necessary, by the addition of water — is 
filtered, and its reaction tested. If this be acid, a known quantity of 
the filtrate is taken and coloured with a little neutral tincture of litmus. 
Solution of soda of definite strength (the i/io normal or deci-normal 
soda solution may be used with advantage) is now added slowly from 
a gratluated burette, until the jKjint is reached finally at which the 
onion-red colour of the fluid gives place to a violet hue. From the 
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quantity of soda used, that of the acid present may be known, i cc. 
of the normal soda solution employed in this way corresponding to 
0.0365 gmi. hydrochloric acid.^^ Instead of litmus an alcoholic solution 
of phenolphthalein may be used. A few drops of this should be added 
to the fluid before titration, and tHe alkali slowly supplied until a red 
colour begins to develop. 

The conclusions arrived at by this method are correct only when the 
gastric juice contains liydrochloric acid alone, and not, as is generally 
the case, several other acids as well (see below). On this account 
EtccUd^^ points out the fallacy of directly deducing the total acidity 
from the amount of a deci-normal solution of soda required to neut- 
ralise it. The expression 50 per cent, acidity implies that 50 cc. of the 
deci-normal solution of soda will neutralise 100 cc. of the gastric juice 
experimented upon. 

To determine whether the acidity is due to the presence of free acid 
or to acid salts resort may l)e had to the methods of Uffelmann and Leo, 
by which only free acid is detected. Leo^'^ uses calcium (carbonate, 
which in presence of acid is decomposed without heat, carbonic acid 
being given off and the fluid acquiring a neutral reacticm. If no free* 
acid, but only acid salts, be present, the fluid remains acid and reacts 
to litmus paper as before. To carry out the test a quantity of the 
gastric juice under examination is rubbed up with chemically pure 
calcium carbonate, and the reaction obtained l>efore and after the addi- 
tion of the salt is compared. If in the second case this be neutnd, the 
original acidity was due to free acid ; if, on the other hand, it be still 
acid, but less so than formerly, the fliud contained both acid salts and 
free acids. By an application of the same process it is possible to 
estimate the quantity of free acid — hydrochloric and organic acids — in 
a particular specimen. By Leo^'^ this is done as follows : — 10 cc. of the 
gastric juice is filtered, and 5 cc. of a concentrated solution of cldoride 
of calcium, and a few drops of an alcoholic solution of phenolphtha- 
lein arc added. The mixture is titrated with deci-normal alkaline 
solution. Next, to 15 cc. of the filtered juice is added i grm. of dry 
powdered calcium carbonate, and the mixture is treated in the way 
described above*. It is then passed through an ash-free filter — asbestos 
serves well — and the aspirator may be used to expedite filtration. Ten 
cc. of the filtrate are measured out and placed in a small flask. TIh^ 
stopper of this flask is perforated by two openings. Through one of these 
a glass tube passes to the bottom of the flask ; the other transmits one 
end of a short right-angled glass tube, which reaches only just within 
the flask, while the other end tapers a little and is connected by a 
caoutchouc binder with a Bohm's air-pump. By means of the latter the 
carlx)nic acid which forms is drawn off". The fluid in the flask is then 
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treated with 5 cc. of calcium chloride solution and a few drops of 
phenolphthalcin, and titrated. The difference between the results of 
this and of the former titration expresses the amount of acidity w^hich 
is due to the presence of free acid. Should it l)e ascertained, in the 
way which will l)e described presently, that there were no organic 
acids in the fluid, the difference depends ujK^n the hydrochloric acid 
alone, and its amount may be determined by the formula already given, 
namely, that i cc. of the <leci-normal solution of soda corresponds to 
0.00365 grm. of hydrochloric acid. This method is sound in principle 
and will be justified by its results. It must, however, be mentioned 
that oxcej)tion is taken to it by A, Hoffmann and A. Wagne}'^ on 
theoretical j^rounds. According to Kossler,'-^^ the jirocess of filtration 
may be omitted, and the conclusions both as U> acidity and to the pro- 
portion of free acid (see below) will be ac(!urate. 

(b.) H7DB0CHL0BI0 ACID. — The gastric juice secreted during thc! 
later stiiges of digestion appears normally to contain only free hydro- 
chloric acid. At an earlier period lactic acid is also present. 

A. Detection of Free H ijdrocldoric Acid. — The examinati<m of the 
gastric juice for free hydrochloric acid is attended with much difficulty, 
since the chlorine salts vield nearlv all the simie reactions as the free 
acid. To obviate this, many exj^edients ^ have been suggested ; but 
we shall notice here only those methods which will serve for clinical 
l)urposes. 

1. Mohr's Tests. '^ — (a.) To the gastric juice to be tested is added first a solution 
of iodide of potassiam and starch-paste, and then a few drops of a very dilate 
solution of ferric acetate. If free hydrochloric acid be present, a blue colora- 
tion (starch iodide) appears. This very simple test is not altogether to be relied 
upon, inasmuch as it will yield a negative result in presence of phosphoric acid 
and its salts, even though free hydrochloric acid be present also. 

(6.) Tlie following test, also di^cove^ed by Mohr, answers its purpose admir- 
ably : — It depends upon the fact tliat a very dilute solution of ferric acetate, 
free from alkaline acetates, is unchanged by the addition of a few drops of 
sulphocyanidc of potassium solution, and retains its yellow hue, while, if a 
mineral acid be present, it colours a deep red. 

Etrald^ has obtained good results by applying the test in the following 
manner : — Two cc. of a 10 per cent, solution of sulphocyauide of {)Otassium and 
0.5 cc. of a neutral solution of ferric acetate are made up to 10 cc. (with water)* 
A few drops of the solution, which is of a ruby-red colour, are placed in a small 
porcelain dish, and one or two drops of the fluid to be tested are allowed to 
trickle slowly on to it. If hydrochloric acid be present, a light violet colour 
forms at the |)oint of contact of the two fluids, which gives place to a deep 
mahogany-brown when they mix. This test, according to EwaJd^ has an advan- 
ta«ce over the anilinc-dvc tests in that its result is not materiallv affectwl bv salts 
or peptone ; but it is certainly less sensitive than the methyl-nniline-violet and 
tropivolin tests. 

2. The Aniline Dye-Tests. — (a.) Methyl-Aniline- Violet Beaction. — 

This rengent Wiis first used by Witz antl HiJger ^ for the detection of 

I 
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free niiiieral and organic acids. Mdly has employed it for pliysiological, 
Van der Velden for clinical purposes.*^ To obtain the reaction, the 
ilui<l to be tested is mixed with a violet-coloured watery solution of 
methyl-aniline-violet. If very much free hydrochloric acid be present 
(as is never the case in the gastric juice), the fluid will l)e bleached. If 
a moderate quantity, it becomes green ; and if very little, of a blue 
colour. The direct examination of the gastric juice never shows more 
than the transition from violet to blue. For the detection of a very 
small proix)rtion of acid, Maly recommends that the mixture should be 
evaporated to the bulk of one or two drojw on the M-ater-bath. So 
little as J mgmi. of hydrochloric acid will th(?n cause the change from 
violet to blue. 

Kost*^ recommends the addition of a lo per cent, solution of tannin 
before testing with methyl-violet, in order to precipitate i)eptones, which 
would otherwise hinder the reaction. 

(6.) Tropseolin (oo) in alcoholic or watery solution yields a ruby-re<l 
or dark-brown red colour in presence of free acids. EwcUd *^ maintams 
that this reaction constitutes tin? most sensitive U»st for free lactic as 
well as hydrochloric acid. Boas,*^ who takes the same view, employs a 
tropaeolin test-paper for the purpose. 

(c.) Fnchsin. — The test with fuclisin is far from sensitive, and on 
that account of little utility. 

(d.) Emerald-Qreen.* — The so-called "crystallised" emerald-green 
affords a sensitive test for free hydrochloric acid. Concentrated solu- 
tions of hydrochloric acid give reddish brown, and very dilute solutions 
a grass- or a yellowish-green colour, with this reagent. 

A brilliant-green, obtaine<l from tin* same laboratory, has proved a 
very efficient test. Five mgrms. of this reagent will serve to detect 0.48 
mgrm. of hydrochloric acid dissolved in 6 cc. of water, giving to the 
solution a bright green tint. It is to be noted, however, that a similar 
effect is obtained where acetic, formic, or lactic acid is present in a higher 
degree of concentration. Bourget ^ also uses a brilliant-green. 

The other emerald-greens produced by Bayer, and distinguished as emerald- 
green (extra crystallised) and emerald-green ii. and iii.. proved useful, but less 
Sensitive. Of the other reagents tested, Kaiser blue {Gutter, Berlin) was but little 
sensitive. Its solutions turned a brown-green with concentrated hydrochloric 
acid, and an azure-blue with dilute acid. A number of green pigments prepared 
by Poiricr of Paris were ineffective as tests for the acid. 

Koster *'^ hius recently employetl malachite-gi-een with good results as 
a test for hydrochloric acid. 

• This substance is made at B. Bayer's laboratory, Elberfeld, and, with other 
reagentH, han been made the subject of experiment at the author's request by lh\ 
Voifjt, on whose authority the statement in the text is made. 
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(e.) Oongo-Bed. — This is an aniline dye, wliicli was first used as a test 
for free aciil by Herzberg, It may be employed most conveniently in 
the form of filter-i>aper saturated with the reagent, as recommended by 
Husseiin, Eiegel, and his pupils,**^ for the detection of free hydrochloric 
acicL*' This, when immersed in a fluid containing free hydrochloric 
acid, turns blackish-blue or blue, according as much or little acid is 
present. This eflect is not obtamed with organic acids or acid salts in 
dilute solutions, and the intensity of the reaction is lessened in presence 
of proteids and of salts in large proportion. Tlie efficiency of the te.«5t 
is undoubted, and notAvithstandmg that its use is subject to certain 
fallacies,*^ the Congo-red test-pai)ers must be classed with benzo- 
purpurin antl the aniline-violet reagent as most suited to the purposes 
of the practitioner. 

(/.) Phloro-Glncin and VanillixL — The reagent recommended by Gum- 
burg*^ contains 2 grms. of phloro-glucin and i gnu. of vanillin dissolved 
in 100 i>arts of alcohoL When hydrochloric acid is added to this, it 
deposits beautiful red crystals. For the detection of the acid in the 
gastric juice it is employed thus : — To the fluid to be tested for acid an 
equal quantity of the reagent is added, antl the mixture evaporated on 
the water-bath. The presence of hydrocliloric ticid is shown by a deli- 
cate rose-red tinge on the surface of the porcelain dish. In this way so 
little as 0.06 i)er cent, of the acid is discernible, and the reaction is not 
impeded by organic acids, albumin, or peptone. By its means the 
author^ has often detecteil 0.00 1 mgrm. of acid in 10 cc. of gastric 
juice. It is further commended by Haaa.^^ This observer has similarly 
employed other colour substances, as eosin and methyl-orange, but 
experience does not justify their use.*'- Boas and Puriz ^ have recom- 
mended resorcin for the puriK)se, but it is less sensitive than Giinzburffs 
reagent 

{g,) Benzo-Pnrpnrin. — A still more sensitive colour-test is that fur- 
nished by benzo-purpurin 6 B. Five mgrms. will serve to show 0.39 
mgrm. of acid dissolved in 6 cc. of water (Hellstrijm), causing the dark- 
red colour of the solution to give place t<^ a light violet. A similar 
change is eflected with acetic, formic, and lactic acids ; but the colour 
(»btiiined with organic acids is rather a brownish-violet, and rtMjuires a 
greater quantity of the latter for its production ; in the case of aceti<- 
acid, not less than 0.84 mgnu. Test-imiwrs may l)e prepared by soaking 
strips of filter-paj)er in a saturated watery solution of benzo-purpurin 
6 B, and suljsequently allowing them to dry. If one of these l)e placefl 
in the gastric juice, it will immediately stain a dark blue, provided 
hydrocldoric acid be pre.sent in a proportion not less than 0.4 grm. to 
100 cc. A brownish-black tint may be due to the presence of organic 
(lactic or but}Tic) acids, or to admixture of these with the hydro- 
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chloric acid. The ambiguity in this case may be dispelled by placing 
the paper so stained in a test-tube and shaking it up with sulphuric 
aether, when so much of the colour as is due to the presence of organic 
acids will sj)eedily disappear, leaving a lighter stain, or restoring the 
paper to its original tint. If hydrochloric acid alone be present, no 
change will be effected in this way, and even after the lapse of twenty- 
four hours the blue stain will be only slightly displaceiL It is important, 
of course, that the aither used should itself be free from acid. To ascer- 
tain this its reaction may be tested with blue litmus paper. 

The action of the benzo-purpurin test is not seriously interfered with 
by peptone and serum-albumin, even when these bodies are present in 
large quantity, and acid salts have no effect upon it. 

The followlDg experiments are of interest, as showing the various effects 
obtained from benzo-purpurin with hydrochloric and organic acids : — 

Two solutions were made, one of 4 gi*ms. hydrochloric acid in ico cc. of water, 
and another of o. i grm. benzo-purpurin 6 B in 600 cc. of water. On mixing to- 
gether 3 00. of each, a beautiful blue colour inclining to violet developed, and a 
coloured flocculent precipitate formed on standing. The addition of hydrochloric 
acid caused this precipitate to dissolve, and it reformed on the further addition 
of the dye. 

The same effect was produced whether the solution contained 0.4 or 0.04 grm. 
hydrochloric acid in 100 cc, 3 cc. being taken in each case. Three cc. of a solu- 
tion holding 0.004 grm. hydrochloric acid, when added to 3 cc of a solution of 
0.1 grm. benzo-purpurin in 600 cc of water, gave an evident violet coloration 
with slight turbidity. 

With formic or butyric acid, to obtain the reaction rather less than ao4 grm. 
in 100 cc. of water was required ; with acetic acid, something more than 0.04 
grm. ; with lactic acid, over 0.004 grm. in 100 cc In all cases alike 3 cc. were 
taken of each solution. 

A comparison of the Congo-red and benzo-purpurin 6 b test-papers 
shows that the latter are the more sensitive, and they deserve the pre- 
ference for practical purposes. Hyper-acidity and the preponderance 
of organic acids in the gastric juice can be shown by this simple pro- 
cedure in the space of a few minutes. 

None of these coloration processes give entirely satisfactory conclusions. 
In cases where the reaction is positively obtained, free hydrochloric acid 
is undoubtedly present ; but we may fail to obtain the result when the 
gafitric juice contains albumin, peptone, or salts in considerable quantity, 
even when free hydrochloric acid is present also.^* The reactions with 
methyl -aniline-violet, Congo-red, and benzo-puq)urin are the most to be 
depended upon. They will not serve for scientific purposes, but in view 
of their simplicity they are of the utmost value in bedside observation.^^ 

3. Uffelmann's Tests. — Uffclmann^ has employed the colouring-matter of claret 
in testing for free acids in the gastric contents, and quite recently, as a still 
more sensitive reagent, the amylic alcohol extract of bilberries, which he applies 
by means of blotting-paper soaked in it.*^' The reaction depends upon the fact 
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that the colour of such a test-paper changes in presence of hydrochloric acid 
even when peptone, albuminates, and salts are present, from greyish-blue to a 
rose tint, which persists after the paper has been washed with aether. 

Lactic, acetic, and butyric acids give similar reactions, but only when in such 
a degree of concentration as is never found in the gastric juice ; and, moreover, 
the reaction obtained with them is destroyed by the addition of aether. 

[Dreichfdd^ employs Uffelmann's test in a modified form. The test solution 
consists of 0.5 cc. of claret (unadulterated), 3 cc. of 90 per cent, alcohol, and 3 cc. 
of aether ; the solution is almost colourless, and is rendered a rose colour by 
the presence of a minute quantity of hydrochloric acid. This test is said by 
Dreschfcld not to be interfered with by the presence of peptone or albumin. 
Lactic acid gives a similar reaction only when occurring in a more concentrated 
form. The mixture does not keep long, and has to be freshly prepared.] 

4. Ultramarine and Zinc Sulphide. — These substances were suggested by Mali/t 
and employed by Kahler * as a test for free hydrochloric acid in the contents 
of the stomach. Ultramarine, according to Kraus,^ is a test for free acids 
in general. It is decomposed by them even in dilute solutions, sulphuretted 
hydrogen being given off, while silicic acid and sulphur are precipitated. Zinc 
sulphide, again, is dissolved in dilute acids with the evolution of sulphuretted 
hydrogen. It is, however, insoluble in acetic acid. 

In testing for hydrochloric acid the process is as follows : — About 20 cc. of 
the fluid under examination is placed in a crystallising crucible, and so much 
ultramarine is added as will suflice to give it immediately a blue tinge. The 
crucible is then covered with a watch-glass, from which depends a strip of filter- 
paper soaked in solution of sugar of lead, and the mixture is gently heated in the 
water-bath. After the lapse of a quarter of an hour, if hydrochloric acid be 
present, the blue colour of the fluid will have given place to a brown tint, while 
the lead-paper will be stained brown or black. Sulphide of zinc (as much as 
will fit on the point of a knife) is then added to another specimen, and the same 
process repeated, when the brown or black stain upon the lead-paper will again 
show the presence of hydrochloric acid. The reactions are rendered more feeble 
by the presence of salts and of phosphates in particular. They can be obtained 
also with organic acids (lactic and acetic) in more concentrated solutions. 

These circumstances, and the comparative complexity of the process, 
render its application at the bedside a matter of difficulty. "Whereas, on 
the other hand, we possess in the methyl-aniline-violet, benzo-purpurin, 
and brilliant-green reactions a series of tests which are at once ready 
and acciu'ate. 

B. Quantitative Estimation of Free llydrochJoric ^ciJ. —This can be accurately 
effected by the very complicated process of Bidder and Sehmidt,^^ All the acids 
and bases in the gastric juice are quantitatively estimated, the proportion of 
each in 100 cc. of fluid ascertained, and their equivalents computed. The 
remaining hydrochloric acid is that which is free in the secretion. 

Another method for the determination of this body depends upon the fact 
that the acid is insoluble in aether, whilst organic acids are soluble in that 
medium. To utilise this property for the purpose in hand, Jiichet*' shakes up 
the gastric juice with aither, and determines by titration the quantity of acid 
which is taken up by the latter together with what is retained in the watery 
solution. 

Recently, v. Meriw/ a,nd Cahn^ have adopted the expedient of collecting the 
volatile acids by distillation, lactic acid by extraction with aether, and combining 
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the hydrochloric acid separated from the organic acids with cinchonine, shaking 
up the newly-formed hydrochlorate of cinchonine with chloroform, changing 
the acid into its silver salt, and finally weighing the chloride of silver obtained. 
Kbster (see p. 130) has endeavoured to determine the quantity of hydrochloric 
acid in the gastric juice by a process of titration with alkalies after the addition 
of methyl-aniline-violet. 

GUmburg*s reagent, according to Ewald,^* will also furnish a means of approxi- 
mately estimating the quantity of hydrochloric acid present. 

1. Leo's Method. — This has been already described (p. 128). If fatty 
acids and lactic acid l)e present, their i)roportion must be determined 
(see p. 139), and deducted from tlie total acidity. The difference will 
express the quantity of HCl. According to Kossler,^^ tlie method 
is accurate. lioth it and that which follows serve well enough for tlie 
estimation of physiologically active hydrochloric acid. 

2. Sj5<ivi8t*s Method. — Sji'qvist^ has recently introduced a process 
for the estimation of free hydrochloric acid in the gastric juice founded 
uiK)n the following facts : — The acids of the secretion may be changed 
into their Imrium salts by the action of barium carbonate, and when 
these are incinerated, the Imryta salts of the organic acids leave barium 
OArlwnate, whilst the chloride of barium resulting from the combina- 
tion with hydrochloric acid remains unchanged. The latter may then 
be sejmratetl from the insoluble carbonate by extracting the ash with 
warm water, and its quantity estimated by titration with chromate 
solution. The details of Sjoqvlsfs method are these : — Ten cc. of the 
gastric juice are filtered and placed in a platinum or silver crucible, 
and barium carbonate free from cMoindes added in excess. The fluid 
is then evaporatetl to dryness at a gentle heat^ and the residue charred 
and strongly heaUid for some minutes. After cooling, the residue 
is treated with 10 cc. of water, the mixture rubbed up, extracted 
repeatedly with 1 Mailing water, and filtered until the filtrate has a bulk 
of 50 cc. The quantity of chloride of barium in solution is Ixist esti- 
mated by titration with bichromate of potash. This }x)dy gives with 
salts of barium a precipitate of l)arium chromate, which is insoluble 
in water and acetic acid, and soluble in hydrochloric acid. A solution 
of bichromate of potash of known strength is a<lded from a burette, 
until all the barium jiresent is precipitated in the form of chromate. 
A sulisequent excess of bichromate of |)otash would give to the fluid 
a deep red colour, which would tend to mask the result. This may be 
prevented by the use of tetra-paper (tetramethylparaphenyl-diamine), 
which has the proj)erty of staining blue with oxidising substances. 
In the process of titration, therefore, the filtrate is mixed with one- 
fourth or one-thinl its volume of alcohol and 3-4 cc. of a solution 
holding 10 |)er cent, acetic acid and 10 per cent, acetate of so<la, and 
titrated with a solution of bichromate of jwtash (8.5 grms. to the litre) 
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until a faint tnico of blue ap|)ears upon the test-jmpor. The addition of 
acetic acid and acetate of soda has for its object to promote the precipita- 
tion of chromate of barium, and at the same time to prevent the forma- 
tion of chromate of lime from the small quantity of lime salts and free 
hydrochloric acid that may l)e present. From the quantity of bichro- 
mate of i)otish used, that of the barium salt formed, and also of 
suli)huric acid i)resent, results directly .^^ 

This process is attended with difficulty, and it is oi>en to the objection 
that it dejx^nds too much on the judgment of the ol)server. The follow- 
ing modification of it is more accurate. 

3. V. Jaksch' Modification of Sjdqvist's Method.— It is the author's 
practicre to convert the chloride into barium sulphate, and by weighing 
the sulphate to calculate the amount of hydrochloric acid in lo cc. of 
gastric juice. To that end the unfiltered gastric juice (lo cc.) is treated 
with chlorine-free carl)onate of barium in excess, and i)laced on a furnace 
in a thin porcelain crucible, where it is evaporated to tlryness, then 
gently fused in a muffle ; the residue cooled, extracted with l>oiling 
water, and filtered ; the filtrate evaporated on the water-bath to a volume 
of loo cc, and dilute sulphuric acid added. Tlie precipitate (sulphate 
of barium) is placed on a thick ash-free filter, washed with water, fused 
in a platinum capsule, thence removed with the usual precautions.^ 
The result is calculated thus : — 233 parts by weight of barium sulphate 
(HaiSO^) correspond to 73 parts of hydrochloric acid (HCl). And the 
quantity of the latter containe<l in 10 cc. of the gastric juice may be 
calculated from the formula 

x=*^ xM = o.';t32xM 
233 

whcreM = the* quantity of barium sulphate obtained from 10 cc. gastric juice 
X = the quantity of hydrochloric acitl sought in 10 cc. 

This methml enables the examination to l)e effected within a compara- 
tively short time. Its accuracy is att(*sted by Leo, Lenlnischer, Pfuncfen,^ 
The obj(»ctions made to it cm the ground of its l^eing too complicated are 
ill-foundwl."® It serves for the (estimation of HCl equally when free, 
an<l when combinetl with organic digestive pnxlurts (protei<ls). It is 
<loubtless true that there are jiroteids which enter into combination with 
IICI in such a way that the acid is no longer j)eix.'eptible by this proce^s,"^ 
but the author's investigations have satisfied him that such combinations 
tlo not in fact <M«cur in digestion. Quite lately Leo'- has contended 
against the jmnciple of SjoqvisCs metluKl, achlucing considerations which 
gravely affect the pn»tensions to accuracy l>oth of that method an<l of the 
nxHlification of it just tlescrilnMl ; the residt of Koi^ler's''^ researches, how- 
ever, has greatly diminisheil the force of Lous objections. It would 
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appear, indeed, that the metlicxi is inapphcabhi where phosphates are 
present, and its utiHty is much curtailed by this fact. In any case it 
is only the absolute vidues as determined by tlie method which are 
affected. Tlie conchisions based upon th(?m remain goo<l. Finally, th(^ 
observations of Rosenheim''^ show that the fallacies which Leo has 
pointed out do not apply to a bedside examination. The modifications 
of Salkowsh'i antl Fatciizky ^^ and of Boas "* offer no special advantages. 
Of Bourget's process "^ the author has no experience. That of Winter 
and Waynery according to Kossler,"*^ yields an estimate of HCl, free and 
combined with proteids, which is somewhat too high. 

4. A. Braon's Method J® — A certain quantity — 5 cc. — of the filtered 
gastric juice is taken and its acidity determined by titration with y^ 
normal soda solution in the manner described at p. 127. To another 
5 cc. of gastric juice is added soda solution a little in excess of 
what was needed to neutralise it. The fluid is now incinerated (see 
p. 134), and to the ash is added as many cc. of j^ normal sidphuric 
acid solution as were needed of jj^ normal soda solution to neutralise the 
specimen taken, i.e., 5 cc. of the filtered juice. Tlie ash is thus dis- 
solved ; the fluid is warmed, and carbonic acid driven off, after which 
a solution of phenol phthalein is added to it, and it is titrated with 
y\y normal alkali solution. The number of cc. of ^u normal soda solution 
employed, multiplied by 0.00365 (see p. 129), gives the quantity of HCl 
in 5 cc. of gastric juice. This method is founded on the same principle 
as SpqviaVSy but, according to Kossler,^^ it is not accurate, since the 
acidity which is due to acid phosphates is not allowed for. 

6. A. Hoffmann's Method." — In testing the proportion of HCl in the 
gastric juice, Hoffmann has availed himself of the property which HCl pos- 
sesses of inverting cane-sugar, t.c., of breaking it up into dextrose and laevu- 
lose, so that the polarisation-phenomena of its solutions are altered. The 
following preparations are required :— i. A fluid containing known quan- 
tities of cane-sugar and HCl. 2. Equal quantities of cane-sugar and gastric 
juice. 3. Gastric juice alone. 4. Gastric juice with cane-sugar and sodium 
acetate in equal quantities. The rotatory power of each of the four fluids is 
ascertained by means of the polarimcter, and they are then allowed to stand 
in a warm place for some hours, and their rotatory power again investigated. 
The calculation is then made by the formula, log A -log (A-x) = C, where 
A = the quantity of sugar originally present, x = the quantity which has been 
converted at the termination of the process. This method is undoubtedly 
ingenious, but it is subject to the drawback that it requires a very accurate 
polarimeter, eight polarimetric examinations, and a highly-complicated calcula- 
tion. Recently it has been much simplified by substituting titration with 
methyl acetate for inspection with the polarimeter.*^ The researches of Kosder^^ 
have shown, however, that it serves only for the estimation of free HCl, to the 
exclusion of that which is combined with proteids. 

In addition ta those described here, many other methods have been brought 
forward for the estimation of HCl, but they possess no superior advantages, such 
of them as are easier of application being proportionately wanting in accuracy. 



HYDROCHLORIC AND ORGANIC ACIDS. 1 3/ 

Amongst them are those of C. Th, Morner^ Mintz, JolUSf Kronfeld^ and Czyr- 
nianski.^* Of the method recently suggested by Luttke^ the author has no 
personal experience. The principle upon which it depends— namely, estimation 
of the total quantity of chlorine and chlorides — is not new. 

(a) THE QUANTITY OF HYDBOCHLOBIC ACID PHTSIGLOai- 
CALL7 ACTIVE IN THE GASTBIC JXHCE, AND ITS DIAGNOS- 
TIC IMPGBT. — Concerning the quantity of hydrochloric acid which is 
secreted normally during digestion the recorded observations are very 
few. Moritz, Wohhnann, and v, Jakscli ^ have investigated this subject. 
According to the latter, the quantity formed during digestion in healthy 
children varies greatly with the nature of the food, and generally attains 
its maximum within one to three hours after a meal. With milk, which 
combines very readily with acids, the increase is slow ; it is more rapid 
with nitrogenous, slowest, but with greatest initial rapidity, with fari- 
naceous food. The greatest quantity of effective HCl was obtained 
with a diet of milk alone, a smaller quantity >vith a meat diet, and the 
least ^vith carbohydrates. The quantities were respectively: — 0.1615 
gnu. (mean of fourteen observations), 0.1563 grm. (mean of eleven 
observations), and o. 1102 grm. (mean of ten ol>servations), in 100 cc. 
of the gastric contents. The facts are the same in healthy adidts. 
Thus with the method described at p. 135, the author has found that 
when 200 grms. of ham have been taken, there are in 100 cc. of the 
gastric contents 0.0643 grm. of HCl in thirty minutes, 0.1529 grm. in 
forty-live minutes, and 0.0992 grm. in an hour. From this it follows 
that, as a preliminary to basing any inference uj>on the quantity 
of HCl secreted, it is necessary to consider what fooil the subject 
of the inquiry has taken, and at what time he has taken it. The 
absence of free HCJ^ or its pi^esence ordy in very small quantity^ fifteen 
to thhiy minutes after a meal, has no paihologicai significance. But 
should there be little or no free HCl present one to three hours after 
tdking milk or nitrogenous food, the fact is evidence of a grave defect of 
function. A large quantity of HCl, even so much flw 0.33 per cent, three 
hours after food, does not necessarily imply functional disorder {hyper- 
secretion). Such considerations must always be weighed in forming an 
inference for diagnostic purposes. Again, for practical purposes, those 
tests alone are satisfactory which yield infonnation concerning the 
physiologically-effective acid. From this i)oint of view i\u\ colour-tests 
ani insufficient, but they have the advantage of l)eing easily applied, and 
where approximate results are desired they serv(» well enough. For 
scientific purposes the requirements are : — i. The application of such 
methods as dispense with the necessity of filtering the gastric juice, 
since this process is attended with much waste of the acid (r. Jalisch),^' 
2. That the method chosen should be on(» which takes account of that 
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part of the acid which is physiologically e(r(ictive. These requirements, 
{IS Kossler has shown, are fulHll(»d only ])y Leo's method, when applied 
to artificial digestion. Whether this is true of the natural gastric juice 
also remains to be proved. Approximately accurate residts, however, 
may be obtained by the author's modification of SjoqvisVs process. One 
of these methods may be used with advantage to control the other. 
We shall return to this point presently in treating of the contents of 
the stomach in difi*erent gastric disonlers. 

It may be suggested here that for the terms " free " and " combined " 
hydrochloric acid, " physiologically active " and " physiologically in- 
active" should ])c substituted. By the first would then be meant 
either that portion of the acid which has already discharged its function 
and has entered into combination with proteids, or that which is still 
available, and therefore in the literal sense free.^ 

Tlie investigation of the functions of th(», stomach in disease of all 
kinds, and especially with r(»ference to the secretion of hydrochloric acid, 
has of late years been pursued with the utmost energy. The contri- 
butions to the subject which possess the chief diagnostic interest may be 
briefly mentioned. Immermann and Schetty^ found that in tubercu- 
losis there was no change in the secretion of HCl. Their conclusions 
are supported by Clielntoriskiy Klemperer, 0. Brieger, Hildehrand, and 
Schwdlhe,^ Ginisdew^^^ on the other hand, observed a diminished pro- 
duction of the acid. Hiifler ^- states that in heart-disease the acid is 
<leficient, but this is not in acconlance with the observations of EinJiom, 
Adler, and Stejm.^^ 

BieiTiacki ^ and the author have noticed a considerable deficiency of 
the acid in renal disease in many case^.^^ Lenliartz ^ has collected much 
information upon this subject. In acute and chronic dy8pei)sia there 
was a remarkable deficiency of free acid ; in chlorosis a similar deficiency 
was observed in 45.6 j>er cent, of the cases investigated, whereas in 
gastric lUcer the condition was inconstant. 

From these facts it results that the presence or absence of free hydro- 
chloric acid is a symptom of doubtful import, and that it must be 
weighed in conjunction with the other circumstances of the case. It is 
much to be desired that measures? should be taken for the acquirement 
of accurate data concerning the protluction of hydrocldoric acid in 
diseases of the stomach and other parts, and this may be done by the 
use of the more scientific methods indicated here, and especially by 
observance of the precautions mentioned on p. 137. It is sufficient here 
to point out that a failure of the secretion on the one hand, and its pro- 
duction in ex(;ess on the other, are alike evidence of disease.^" Their 
precise significance will be dealt with later (pp. 146, 148). 
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(d.) ORGANIC ACIDS OF THE GASTRIC JUICR— lu this con- 
nection we have to deal with lactic, acetic, and butyric acids. 

1. Lactic Acid. — A, Qiialitative Tests, — In the detection of this 
Ixxly in the gastric juice the carbolo-chloride of iron test is to be recom- 
mended (Uffebnunn, see ref., p. 132), (Kredel),^^ To a mixture of 10 cc. 
of a 4 per cent, solution of carbolic acid with 20 cc. of water, a few drops 
of i>erchloride of iron solution are added, and the resulting amethyst- 
blue colour changes to yellow in presence of a few drojis of lactic acid. 
Alcohol, sugar, and phosphates, however, yield a similar reaction (Ewald).^ 

A further test for this body is derived from a very dilute solution of 
perchloride of iron — two to five drops of a watery solution of perchloride 
in 50 cc. of water. ^^ The faint yellow colour of the fluid, whilst not 
affected by the addition of hydrochloric, butyric, or acetic acid, is inten- 
sified in presence of dilute lactic acid. To separate lactic acid from the 
gastric juice, the distillation residue (see ])elow) of the gastric juice, in 
which the acid is dissolved, may be extracted with ajther, and submitted 
to the tests descri])ed elsewhere (see chapter on Uriiie), 

B. Quantitative Estimation, — This may he effected by Cahn and 
r. Mering's method (see p. 133), or by that of Leo}^^ 10 cc. of gastric 
juice are taken, and when the fatty acids have been removed (see below), 
extracted six times with 100 cc. of aether in a sej)arator-funnel, the 
resulting sethereal extracts collected, the aether driven off by exposure to 
the air by heat from a water-bath — (a flame must not be used) — and the 
residue dissolved in water. The acidity of the solution is then deter- 
mined by a Y15 normal soda solution. Since i cc. of the soda solution 
corresponds to 0.090 grm. of lactic acid, the quantity of the latter con- 
tained in 10 cc. of gastric juice may l)e obtained by multiplying the 
numb<»r of cc. of alkali used by 0.090. 

2. Butyric and Acetic Acids. — (a.) Qualitative Tests, — If the gastric 
contents be extracted with aether, Imtyric and acetic acids may hi recog- 
nised by their smell (Uffelmann), To separate these acids, the gastric 
juice is distille<l and the distillate tested in the manner laid down for 
the examination of the urine. 

Hammarsteu ^^ prefers not to distil the gastric juice directly, but to 
neutralise it first with caustic so<la, and then to extract with alcohol, 
proceeding afterwards in the manner to be d(»j<cribed for the detection 
of fatty acids in the urine. The olyect is to avoid the error of including 
fatty acids derived from proteids. 

Uffelmann (ref., p. 132) <lirecU attention to the imi)ortance of a syste- 
matic analysis of the gastric juice for the <letection of free acids. To 
<lo this the contents of the stomach are filteivd and their reaction tested. 
Should this l)e acid, they are submitted to the following prtxiess : — The 
total acidity is dett»rmiiied by titration with a decinormal solution of 
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caustic soda, and a portion is tested with dilute solution of perehloride 
of iron for the presence of lactic acid. Another portion is then tested 
for free hydrochloric acid with hilberry-dyc test-papers. A rose colour 
obtained when the degree of acidity is slight, and persisting after the 
addition of sether, indicates the presence of hydrochloric acid. If, on the 
other hand, the colour is entirely destroyed by treatment with aether, it is 
evidence of considera])lo quantities of lactic, butyric, and acetic acids. 

Riegd^^^ and Kosiei' (ante, p. 134) have employed similar methods 
with success ; and attention may also be directed to the process de- 
scribed at p. 135. 

(b.) Quantitative Estimation, — Leo's ^^* method is the following : 10 cc. 
of the gastric juice are taken, and the total acidity determined in the 
miuincr described at p. 1 28. Another 10 cc. are filtered and boiled until 
the fumes no longer present an acid reaction. The residue is allowed to 
cool, and is then titrated with deci-normal solution of soda. Tlie differ- 
ence between the acidity of this and the former specimen is that due to 
the fatty acids. The methoil is not absolutely accurate, since HCl may 
be driven off by boiling. 

4. Proteids. — Proteids occur in the gastric contents during digestion, 
being partly formed in that process, and in part derived from the food. 
Their recognition affords valuable evidence as to the functional condition 
of the stomach ; and to make its import clearer, it will not be out of 
place to refer to certain facts in physiology. The period of digestion 
may be divided into two stages, (i.) The first of these, which lasts 
but a short time (15-20 min.), is occupied chiefly with- the digestion of 
starchy matter, and is characterised by the presence of the resulting 
products, and especially lactic acid. (2.) The second stage commences 
with the secretion of pepsin and an active gastric juice, by means of 
which the albumin of the fooil is changed. The two stages pass gradu- 
ally into one another, and autliorities are not agreed as to whether lactic 
acid occurs only during the first (Eioaidy Boas, and others) or in the 
second stage of healthy digestion also, when it is said by some {Cahn 
and r. Mering, Bitter and Hirsch) to be j)resent together with the more 
abundant hydrochloric acid. 

For tlie purpose of an examination, whether in a healthy individual 
or otherwise, a test-meal shoidd be administered on an empty stomach. 
This, according to Eioald, should ctmsist of a dry, well-baked roll and 
water or weak tea ; whilst Leube and Biegd recommend a meal of 
water-broth,* semolina and flour-gruel, t and meat. Ewald's regimen 

* Wa$sersupp€i translated here as water-broth, ia made of boiling water with 
small squares of dry rolls, some salt and fresh butter. 

t Grietsuppff semolina soup, consists of semolina boiled in water and seasoned 
with salt and butter or extract of meat. 
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lias the ailvantage that digestion is at its height within an hour after 
the food hiis been taken, whereas in the other case it is necessary to 
wait for four to six hours l>efore the examination can be begun Tlio 
contents of the stomach are obtained in the manner described at p. 125. 
A test-meal of this kind is very usefid for many purposes. Klemperer 
and the author ^^^ administer milk in the same way. It is probably 
advisable that the test-meal should be of the simplest possible character, 
a single proteid, as, for example, egg-albumin, or a carbohydrate being 
given, and the choice will be made in accordance with the subject under 
investigation. The proteids in question are albumin, hemial])umose, 
peptone, and syntonin. 

Albumin and hemialbumose may be detected ])y the process detailed in 
the chapter on Urine, ShoiUd these bodies and syntonin be absent, the 
biuret reaction (red coloration) will serve directly to show the presence 
of peptone. If, on the other hand, following the method referred to, 
other proteids (and especially those which are coagulable by heat) are 
found to be present, these must first be removed in the usual manner 
(see chapter on Urine), provided a sufficiency of material remains to 
w^ork upon. The filtrate may then be submitted at once to the ])iuret 
test, the previous precipitation with phosphotungstic acid not being 
necessiiry. 

Syntonin may be known by its being precipitated by neutralisation 
fix)m its acid solutions. 

About 30-40 cc. of gastric juice will suffice for an examination of 
this kind when a little skill has been attained in conducting it. The 
I)athological specimens which come to hand rarely exhibit other nitro- 
genous bodies than peptone, as is the case also when the contents of 
the stomach are examineil several hours after tlie test-meal has been 
taken. 

5. Urea. — For the detection of ureii, one of the methods adopted for 
the same purpose in connection with the blood (p. 69) may l)e employed. 
Considora1)le quantities of this Ixxly are found in the stomach in cases 
of uraemia. 

6. Ammonia. — Salts of ammonia are abumlantly present in the 
stomach in rare instances. Where a considora1)le bulk of the gastric 
contents can be o]>tained (i\s by vomiting), the quantity of ammonia 
present may be estimated, after the removal of the proteids, by Sal- 
/t'ofni/ii's methoil.^^ For this purj)Ose, 50 cc. of the vomited matter are 
taken, 20 grms. of pure powdered chloride of sodium first added, and then 
100 cc. of a mixture holding seven parts by volume of a saturated solu- 
tion of chloride of sodium and one part of acetic acid (1.040 sp. gr.). 
The whole is then mixed together, allcnved to stand for fifteen to twenty 
minutes, when it is measured and filtered. Of the proteid-free filtrate 
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50 to 100 cc. are measured off, treated with milk of lime, and placed 
under a bell-glass eontidning a known quantity of i/ioo normal solu- 
tion of an acid. After the lapse of from three to five days, the latter 
is removed and titrated with i/ioo normal alkali solution coloured 
with rosolic acid. In this way the quantity of ammonia absorbed may 
be determined. ^^' 

The same process is applicable to the determination of ammonia salts in the 
blood and other fluids. 

7. Carbohydrates. — Gmpe-sugar may sometimes l^e found in the 
stomach, having either been introduced with the food, or fonued 
there by the action upon starch of saliva which has been swallowed. 
This latter moile of origin belongs especially to conditions of hyper- 
secretion of HCl (Riegelf see p. 127, Eicald),^^ The mode of testing for 
sugar is the same here as in the blood (p. 72), the proteids being first 
removed. 

The phenomena of the digestion of starch, and the formation of its 
intermediate products, involve some points of interest An hour after 
food has Ixjen taken, under ordinary circumstances, neither starch 
(blue colour with iodine and iodide of potassium solution) nor erythro- 
dextrin (red with the same reagent) can be discovered in the filtered 
gastric juice. Shoidd it happen otherwise, some cause tending to delay 
the amylolytic process may be inferred, and this may be sought either 
in the fact that the saliva is deficient in diastase, or that there is an 
excessive secretion of free acid by the stomach at the outset of digestion 
(Eioaldy BoaSy^^ Bosenheim ^^®). In health, also, when amylaceous food 
has been taken in quantity, starchy particles may be found, and their 
nature determined chemically (see p. 145). 

5. Estimation of the Rate of Absorption of the Gastric 

Contents. — The rapidity with which the gastric contents are absorbed, 
and consequently the functional activity of the stomach in this respect, 
may be determined thus, after Penzoldt and Faher,^^^ A capsule con- 
taining 0.1 gmi. of iodide of i)otassium is given to the patient to 
swallow. The sahva is then tested for iodine every two or three 
minutes, by placing a little of it uix)n filter-paper saturated with 
starch-paste, and adding a drop of fuming nitric acid. The presence 
of iodine is shown by a blue colour, which usually appears in 8-15 
minutes. Accortling to Zrceifel,^^'^ this period is prolonged — thus indi- 
cating a deferred absorption — in various affections of the stomach, as 
dilatation, cancer, and gastric ulcer. 

6. To Determine the Contractile Activity of the Stomach.- 

For this purpose various exi>edients have l^een adopted. Amongst them 
may l)e mentioned those of Leuhe, Klemperer^ Sievers, and Ewald.^^^ 
Leube assumes that the motor function of the gastric walls is impaired 
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when the use of the sound shows the presence of food seven hours after 
it has been taken. Kleniperer^a method is objectionable on the score of 
discomfort. EwcUd introduces within the stomach a gelatine-cai>sule 
containing i grm. of salol. This decomposes into phenol and salicylic 
acid as soon as it reaches the small intestine, and rapidly appears in the 
urine, where it may ])e detected by solution of ferric chloride (see chapter 
on Urine), The interval which elapses before the drug appears in the 
urine may be taken to indicate the length of time required for the 
stomach to discharge its contents. In health this is from 40 to 60 
minutes, but a much longer time in gastric atony and dilatation. The 
results obtained in this way have no utility in diagnosis. ^^"^ 

7. A Summary of the Chemical Examination of the Gastric 

Contents. — It is seldom that sufficient material can be obtained for 
the systematic examination suggested here, and it will be necessary to 
make the investigation by successive evacuations of the stomach, the 
iulministration of test-meals, &c., before the different processes can be 
applied. 

1. The reaction is to be tested. 

2. A known quantity of the fluid, say 10 cc, is taken for the deter- 
mination of acidity. 

3. Another quantity of 10 cc. is examined to show the presence of 
pepsin and milk-curdling ferment. 

4. The benzo-purpurin, Congo-red, and brilliant-green tests for free 
hydrochloric acid are applied, and the latter estimated quantitatively by 
SJoqvusfs method. 

5. A rough estimate is made of lactic, butyric, and acetic acid in the 
manner described at p. 139. 

6. Examination for proteids, this being confined to serum-albumin 
and peptone where sufficient material cannot be had. 

7. Test for starch and its digestive products. 

8. The remainder of the fluid is distilled, and the residue shaken uj> 
with aether, to determine accurately the quantity of lactic acid which it 
contains (p. 1 39). The distillate is tested for fatty acids in the manner 
described in the chapter on Urine, 

n. THE INTESTINAL JUICR — In the present state of our know- 
ledge the investigation of the intestinal juice lends but little aid to 
clinical study. Notwithstanding this, the subject is worthy of attention, 
and it is probable that before long it wiU be brought within the sco^k* 
of a practical inquir}'. 

1. Naked-Eye Characters. — The intestinal juice is a mixed secre- 
tion derived from several glands, and its character varies with the jmrt 
of the tract from which it is taken. In the small intestine it is the 
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product of Bninner's and Liel)erk\ihii's glands, the liver, and the pancreas. 
It is only this fluid, which is a compound of bile, pancreatic fluid, and 
the seci^etion of the intestinal glands, that will be noticed here. It 
is a (!lear yellow thin fluid of a strongly alkaline reaction, and sp. gr. 
1.009 "" I'Oi !• On stiuiding exposed to the air it turns to a grass-green 
colour. ^^^ 

2. Formed Elements. — Concerning these nothing is accurately 
known. 

8. To Obtain the Intestinal Juice.— According to Boas,^^^ it is 

first iiscertained whether the stomach is empty. Should it be so, the 
patient is made to lie down, and the alxlomen over the region of the 
gall-bladder is niiissaged ; then the patient is made to stand upright, and 
the sound is again introduced, when he once more assumes the horizontal 
position, and the fluid is pressed out. 

4. Chemical Constitution of the Intestinal Juice.— The 

intestinal juice contains bile-acids and bile-pigments, syntonin, peptone, 
a small quantity of leucin and tyrosin (comp. Chapter VII.), and a 
number of ferments, of which the chief are the tryptic, fat-splitting, and 
emulsifying * (pancreatic), diastatic, and inverting ferments. 

Concerning the changes which the secreti(m luidergoes in 'disease 
nothing is yet known. Boas was the first to introduce the subject of 
digestion in the small intestine. Physiological research has yet to jiave 
the way before our knowledge in the matter can Ik; applied to the i)ur- 
poses of diagnosis. Nevertheless, the few facts which have been brought 
to light by Boas and Noorden ^^^ afford ample prospect of a rich harvest 
both of physiological and clinical residts from further study in this 
direction."^ 

m. EXAMINATION OF THE VOMIT.— The vomit includes the 
secretions of the mouth and nasal passages which have been swallowed, 
and are, for the most part, already undergoing digestion, the gastric juice 
and ingested suljstances, in part altered by the action of the stomach, 
and partly unchanged. Further, it sometimes contains l)ile. 

The naked-eye and microscopical appearances vary with its constitu- 
tion, and chiefly with the abundance and character of the food. Apart 
from such constituents as are derived from the mucous memlmine of the 
mouth and nasal i)a8sages, and which have been already described, the 
vomit almost invariably presents — (i) Columnar and squamous ei)ithe- 
lium, lx)th usually much altered in form ; (2) isolated white blood-cor- 
puscles, generally so transformed by the action of the gjistric juice that 
little more than the nuclei remains ; (3) isolated red blood-corpuscles, 

* fit i", however, doubtful if there is au emulsifying ferment.] 
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usunlly seen as coloiirlesa rings, iinil very seldom in u quite iwrfect stiiU- ; 
(4) tlio fiillowing derived from tlie food : — 

1. Muscle fibres, readily recognisable by their transverse striatiim. 

2. Fatty giobides and fnt-needles, which nre sufliciently tbnract^rispd 
by their refracting i>rO|)erty and tbeiv solubility in (ether, 

3. Elnstic fibres and connective tisane, 

4. Starch grantiles, to be recognised by their tonettntric arrangement 
and by their property of staining blue with iodo-potassic-iodide solution. 
These Iwdies are frequently disintegrated and more or less dissolved by 
the process of digestion. 

5. Vegetable cells of various forms. 
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In addition, tlio vomit in disease displays a great variety of fungoid 
growths {W. de Bary ""), de))onding upon the nature of the underlying 
process, -Vmongat tliese : — 

1. Honld-Fungi and scattcreil conidia have occasionally been fotnid. 
Those are, so far us wo know, devoid of jmtholt^iual sign ifiia nee. 

2. TeutB. — ('(,) Saccharomyces cerevisiio. Tliese aiv about the »iin 
of leucocytes, and refract light [wwcrfully. They cohen- in groups of 
three or more, and stain deeply a brownish -yellow with iodine and icNlidc 
of potassium. Very often there are also to 1>e seen elli]>tical IkhIiob 
resi'mbling Saccharomyces ell iiifwiileus (ffecs).'-'* 

K 
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(b,) Very small yeast-like fungi iii thick][cluster8 (fig. 64, g), 

(c) More seldom high ly-refnic ting rod-like lx)dies, of considerable 
length and thickness, which generally exhibit a single nucleus. They 
are rounded off at the (jnds, and are sometimes separate, sometimes 
strung together in strands. It wcmld seem that these are the agents 
in lactic acid fermentation of sugar. 

3. Fission- Fungi. — The forms belonging to this class are many and 
various. ^^1 They include rod-like Iwdies, which stain blue with ioilo- 
potassic-iodide solution, bacilli and micrococci of every description, and 
in particular a bacillus which possesses the property of changing glyce- 
rine into alcohol by fermentjition (fig. 64, t), 

Sarcinae ventricidi ^^'- may easily ])e known l>y th(»ir sliape, resembling 
that of wool-packs, tlieir dark silver-grey tint, and their property of 
staniing a deep mahogany -brown to reddish-brown with the iodo-potassic- 
iodidc solution (fig. 64, /). 

After this general view of its microscojiical appearances, we shall 
advert to the physical, chemical, and microscopical characters of the 
vomit in certain diseases. 

1. Acute Gastritis. — In this condition the vomit consists partly of 
mucus which has been swallowed, and i)artly of half-digested food 
residues. Microscopically it displays the appearances already detailed, 
which, how(»v(n-, are here subject to much variety, and notably a few 
red blood-corpuscles are generally to l)e seen. 

Its chemical character varies greatly {Eirald),^-^ At the outset of the 
affection, hydrochloric, and commonly lactic, acid in the free state are 
wanting. The addition of the fonner will est^iblish a slow digestive 
process. Eirald ^-^ has been unable to determine the presence of fatty 
acids in notable quantity, and the i)roix)rtion of i)epsin would appear 
to be considerably diminished. 

The vomit usually is coloured green from the admixture of bile pig- 
ment (biliverdin). It often also contains ])iliary acids. The first may 
be recognised by Gmelin's test (see chai)ter on Urine), and the latter by 
Pettenkofer's (see p. 76), or by means of the furfurol and sulphuric 
acid reaction (sec Urine). Much remains to be learnt as to the chemical 
peculiarity of the gastric contents in this condition. 

2. Chronic Gastritis. — The vomit is a thin nmcous fluid (vomitus 
matutinus), of alkaline, or it may be weakly acid, reaction. Van der 
Velden has shown that it always contains pepsin and hydrocliloric acid, 
also organic acids, cispecially acetic and butyric acids. It is commonly 
rich in proteids, and notably peptones, which may be easily distinguished 
by the tests which will be subsequently described in connection with 
the examination of the urine. Bile pigment is iUso generally present. 

Recent observations seem to show that it is possible to distinguish 
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the different forms of gastric catarrh by the results of the chemical 
methods described above. Following the conclusions of Fwald, we may 
discriminate (i) Simple gastritis, (2) acid gastritis, (3) mucous catiirrh, 
(4) atrophy. 

1. In the first form, simple gastritis^ the test-breakfast is never 
followed by increased acidity ; the proportion of hydrochloric acid is 
diminished; the secretion contains little pepsin and milk-curdling 
ferment, and generally, though not always, includes lactic and fatty 
acids. On the addition of acid the secretion shows digestive activity. 

2. In acid gastntis acidity is increased, especially that due to hydro- 
chloric acid. In other respects the condition is that of simple gastritis. 

3. In the third form, murotis catarrh, acidity is always slight and 
hydrochloric acid absent ; there is abundance of propeptone, but no pep- 
tone. Milk-curdling ferment is absent, or it may develop only after a 
prolonged interval. Artificial digestion requires the addition of hydro- 
chloric acid. 

4. In atrophic gastritis the fasting stomach is usually empty, and its 
contents, after the administration of the test-meal, is free from mucus, 
and altogether wanting in pepsin, hydrochloric acid, and the milk- 
curdling ferment. ^^ 

The observation of Mathieu ^'^ that mucus is indigestible has an im- 
portant bearing on the study of these conditions. The fact noticed by 
John *^ that excessive acidity of the gastric juice impedes salivary 
digestion, and that acids, organic and inorganic, promote the secretion of 
saliva, is equally instructive. In the case , of a gastro-duodenal catarrh 
complicating gastritis, the gastric juice exhibits the same variety in 
respect of the presence or absence of appreciable quantities of physio- 
logically effective hydrochloric acid. The author has investigated three 
cases of this kind. In one the acid was altogether wanting, while in 
the other two it occurred in diminished proportion. 

8. Chronic UlC6r of the Stomach. — The microscopical appear- 
ances of the vomit in this disease are those detailed under (2) in the 
last section. Otherwise it exhibits nothing distinctive. There can be 
no doubt that we have in the hyj)cr-acidity which RiegeVs ^-* observa- 
tions liave connected with this condition in a large number of instances, 
a fact of the highest clinical significance. It may be estimated accu- 
rately by the method detailed at p. 135, or by titration. The proportion 
of hydrochloric acid in the stomach in a case of chronic gastric ulcer is, 
according to Biegel, 0.4-0.6 \)iiT cent., as against 0.1-0.2 per cent, in 
health. ^-*^ It must be mentioned, however, that the researches of £icald, 
Bitter and Hirsch, and Jatcorski^^ go to show that the increased 
acidity in connection with round ulcer of the stomacli may undergo 
diminution with the further progress of the disease. 
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According to Leyihaiiz ^^^ acid may l)e deficient in gastric ulcer. The 
digestion of carbohydrates is accomi)Hshed slowly. There is still need 
to verify these assertions by the application of trustwortliy methods, 
such as those described at pp. 133, 136, and especially with reference to 
the precautions enjoined in a previous paragraph (p. 137). The conflict- 
ing statements quoted here must be in part referred to the want of 
such accurate ol>servation. 

The presence of blood, and its character, are facts of great significance. 

1. When the hsBmorrhage is considerable, clots of blowl are found, 
which are not at all, or but slightly changed. 

2. More commonly the effused blood remains for" a longer time in 
contact with the gastric juice, and is thereby altered in such a way that 
the oxyhsBmoglobin is converted into haematin, and the vomit has the 
appearance of coffee-grounds. 

AVlien examined under the microscope in such a case, no blood-cor- 
puscles whatever are to be seen in it, but in their place larger or smaller 
pigment masses. The blood may best be identified as such by Tetch- 
mann^s hoemin test and l)y the spectroscojiic appearances of haematin. 
To obtain the latter, a portion of the vomit should be treated with 
caustic potash, filtered, and then examined with the spectroscope for the 
spectrum of haematin in alkaline solution (fig. 39). 

It should be borne in mind that the exhibition of preparations of iron 
will impart to the vomit the same appearance as that due to blood ; so 
also will the abundant partaking of red wine ; and finally, the presence 
of bile-pigment may cause it to assume a brownisli-black colour. 

Large quantities of blood (blood-pigments) may be found in the vomit 
in cases of duodenal ulcer with haemorrhage into the intestine. 

4. Carcinoma of the Stomach. — The physical and micix)8Copical 
character of the vomit in cases of cancer of the stomach are, in general, 
those of gastric ulcer. Sarcinae in large quantities are a remarkably 
frequent manifestation. The blood is very seldom discharged unaltered, 
and it is usually represented only by colouring-matter. 

The chemical constitution of the gastric juice in cases of cancer has 
Ixien made the sulyect of research by many observers, vaii der Velden 
(p. 130), Uffehnann (p. 132), Ewdbi,^^'^ and Krcdel ;^^^ also by v. Mering 
and Ccdin (p. 133) ; and more especially by Riegel {\\ 131), Korczynsici, 
and Jaicormhi}^ AKsenco or diminution in quantity of hydrochloric 
acid is a point of special interest, and has been recently studied by 
many investigators.^^'' 

The autlior has analysed the contents of the stomach in a great 
nmnber of cases of cancer, and he has found that in many no trace of 
free hydrochloric acid could be shown by the colour-tests employed for 
the purpose. He has had seventeen cases of cancer under observation 
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during the last two years. Either the vomit or the gastric juice with- 
drawn after the administration of a test meal — ^usually of milk or ham — 
was repeatedly examined. In fourteen out of the seventeen cases the 
reaction with Congo-pai)er, benzo-purpurin, and GunzLurg's test, was 
either absent or very feebly evinced. The total acidity was also very 
low. ranging from 48-4, and the higher figure was obtained in only one 
instance. In one case, where the gastric juice was examined an hour 
after tlui administration of half a litre of milk, no result was obtained 
by the method described on p. 135, while the Siime method applied to 
the gastric juice of a healthy person under like conditions showed 
0.0301 gmi. HCl in 100 cc. In three cases of cancer the acidity was 
remarkably high, viz., 90, 100, 126, and all the tests for free HCl gave 
<lecided results. The experiences of 0. ItOsenf>ach and Waetzhold^^ 
have l)een similar to these. The absence of hydrochloric acid, however, 
is by no means so constant as to warrant an absolute diagnosis on this 
ground alone. Moreover, in other conditions, such as amyloid degenera- 
tion of the gastric mucous membrane, ^^^ in stagnation of the contents of 
the stomach, in diabetes, ^^^ and in the febrile state, even without demon- 
strable disease of the stomach, ^^^ the hydroclUoric acid reactions may 
also fail. 

According to Wolfram,^^^ the gastric juice is devoid of HCl in the 
course of the infectious fevers, whereas in chronic febrile disorders it is 
of quite normal character. Taken, however, in conjunction with the 
other clinical symptoms of cancer, we have in this circumstance impor- 
tant evidence of the disease. Riegel \mi\ts out the important fact that the 
gastric juice in this affection has entirely lost the digestive proi)erty. 
Concerning the secretion of i)€j)sin in carcinoma, it would ap^Kiar that 
this, as well as the milk-curdling ferment, are secreted to the end. The 
testa for p<?j)sin are descril)ed at p. 126, and its quantitative estimation 
may be effected by E, Schiiiz's method. 

5* Dilatation of the Stomach. — The character of the gastric 
contents in this condition is subject to variety, according to the cause 
of the dilatation. Nevertheless, there are certain general features which 
l)el<)ng to all cases, and these will be considered first The remnants of 
imdigested food are visible many hours after a meal. Microscopically 
there is a profusion of micro-organisms of all kinds, and yeast-forms are 
rarely alisent. Chemical analysis usually discloses an excessive projwrtion 
of volatile fatty acids." 

In dilatation from chronic gastritis the contents jxirtjike of the 
character of the latter disease. 

When the primary condition is pyloric stenosis, with gastric ulcer 
physiologically active HCl is present in great excess. In one case the 
author found that the unfiltercd gastric juice withdrawn in the morning 
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before food had been taken contained 0.4629 grm. HCl to 100 cc. ; and 
when the stomach had been thoroughly washed out, and milk admini- 
stered, the gastric juice examined half-an-hour afterwards contained 

0-1374 grm. 

In dilatation from cancer of the pylorus free HCl is either absent or 
diminished in quantity. This is true also of dilatation with atrophy of 
the stomach, but the rule is not without exceptions. 

6. Parasitic Affections of the Stomach.— (a.) In but one 

instance as yet — a case of favus — liave tlie characteristic appearances 
of this condition been detected in the stomach {Kundrat)}^^ 

(6.) Extensive patches of thrush are sometimes formed in the stomach, 
and in sucli cases the vomit contains masses of the thrush fungus 

(p. 85). 

7. Croup and Diphtheria. — It very rarely happens that a croup 

ous or diphtheritic condition of the mucous membrane extends from the 
upper part of the alimentary canal as far as the stomach. When it is 
so, the vomit exhil)its the appearances described at p. 88. 

8. F8BCal Substances in the Vomit.— Formed masses of faBces 
are never discharged by the mouth, but in cases of occlusion or partial 
paralysis of the intestine, its contents may become mingled with those 
of the stomach, and brought up with the vomit, which then has an 
intensely faeculent odour, a yellowish-green colour, and a feebly acid or 
alkaline reaction. When derived chiefly from the small intestines the 
vomited matter will contain bile acids and pigment, and abundance of 
fat. These may be detected by chemical examination. Microscopically 
it shows nothing distinctive ; but on one occasion the author found in 
such a discharge a quantity of large fungi which closely resembled the 
comma-bacillus (fig. 70). 

9. Pus. — In rare cases pus occurs in the vomit. It indicates suji- 
puration in the wjdls of the stomach, or the rupture into it of an abscess 
from some neighbouring viscus. 

10. Animal Parasites. — Amongst the Entozoa, Ascaris lumbri- 
coides, Oxyuris vermicularis, and Anchylostoma duodenale have been 
obtained from the stomach. Other worms, such as Trichina, are excep- 
tional manifestations, and the booklets of Echinococcus and hydatid 
cysts are occasionally present. Gerhardt ^^'' has found dipteral larvae, 
in the secretion, where they give rise to the symptoms of gastritis. 
Similar observations have been made by Senator, ^^^ HUdehrandt,^^ and 
Finlatjson, 

11. Constitution of the Vomit in Poisoning.^*^ 

1. Poisonings with Acids* — In all cases of jx^isoning with strong 
mineral or organic acids, the vomit acquires a powerfully acid reaction. 
It displays a blackened mass of altered blood and charred tissues in 
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tuisea where the quantity of the iwison has Iwen sufficient to cause these 
(»ffect<*. The api>earance presented in all cases of poisoning with strong 
acids is the same. To distinguish one from the other in the contents of 
th(» stomach, the sense of smell will serve in some instiinces, as, e.g., 
for acjetic acid, while in others resort must be had to the methods of 
analytical chemistry. It is important in certain cases to remember that 
the vomit may contain an abnormal i)roj)ortion of organic and inorganic 
(hydrochloric and lactic) acids, altogether independently of poisoning. 

(a.) Detection of Snlphnric Acid. — The presence of sulphuric acid may 
be ascertiiined thus : — The vomit is mixed with a large bulk of distilled 
watt»r,^"*^ and put aside for seveml hours, during which it is frequently 
stirred. It is then filtered, and the precipitate n»i)eatedly washed with 
water on the filter. The filtrate is then collected, and evaporated on the 
water-biith imtil the fluid begins to blacken. It is then allowed to cool, 
mixed with twice its bulk of alcohol, and, after standing for some hours^ 
again filtered. The filtrate, diluted with water, is once more evaporated 
on the water-bath until the alcohol is entin»ly driven off. The fluid 
remaining may then be tested for sulphuric acid. The addition of 
chloride of barium solution or of lead nitrate should give a white pre- 
cipitate, showing the presence of sulphuric acid or its salts. 

{b.) Detection of Nitric Acid. — The vomit, which is generally stained 
somewhat of a yellow hue from the formation of xanthoproteic acid, 
is mixed with water, boiled, and filtered. The reaction of the filtrate is 
tested, and if found to l)e acid, it is neutralised with caustic potash, and 
evaporated to a small bulk. AMien allowed to cool, it should deposit 
crystals of nitrate of jwtash, which will give the following reactions : — 

1. To a solution of the crystals concentrated sulphuric acid is addeil, 
and when the mixtun^. is quite cool, a little sulphate of iron solution is 
loured upon its surface. At the point of contact of the two fluids, a 
dee J) brown zone shows the presence of nitric acid. The test is appli- 
cable only Klipre the Wown coloration is not ohtained with sulphuric 
acid alone. 

2. A solution of brucin in sulphuric acitl is placed in a test-tulH», 
and a little of the flui<l supjwsed to contain nitric acid is poured on its 
surface. At the point of contact of the two, a re<l coloration takes 
j)lace if nitric acid is pr(»sent. 

The iikhIcs of testing for hydrochloric acid have already l)een given 
(p. 129). 

(c.) Oxalic Acid. — The contents of the stomach are partially evaiM>- 
rated and extnicted with alcohol, the alcohol evaporated, and the residiu', 
dissolved in water, is treat(»d with acetic acid and solution of chloride of 
calcium. A precipitate of oxalate of calcium fonns, and the character- 
istic crystals maybe distinguisheil by the microscojK*. 
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2. Poisoning with Alkalies. — The vomit in such cases is a viscid, 
glistening, and strongly alkaline fluid. Where a concentrated solution 
of a caustic alkali has l)een taken, the ejected tissues arc charred and 
Ijrown, as in the case of acids. The determination chemically of the 
character of the poison is often attended with great difficulty, and in 
other instances, again, it is very easy. 

Where ammonia has been taken, the vomit, if examined immediately 
after the poisoning, will emit the characteristic odour of that body, and 
further evidence of* its presence maybe obtained by holding over the 
fluid a glass rod moistened with hydrochloric acid, when fumes of sal- 
ammoniac will be given off*. The detection of caustic potash and of 
caustic soda, on the other hand, involves much difficulty on account of 
the readiness with which they are converted into their carbonates. 

The process for the detection of chlorate of potash in the vomit de- 
mands a special notice. E. Ludwujs^^^ method is as follows: — Tlie 
vomit, if not already acid, is rendered slightly so l)y the addition of 
acetic acid, heated and maintained for one minute at the lx)iling-point, 
filtered, the filtrate evaporated to a small bulk on the water-bath, and 
allowed to settle undisturl>ed. The salt then separates in the form of 
crystals, which are dried between folds of blotting-paper and tested in 
the following manner : — 

1. They are treated with dilute hydro(;hloric acid and warmed j the 
fluid assumes a greenish-yellow colour, and chlorine gas is evolved. The 
reaction may be obtained at ordinary temi)cratures by the addition of 
strong hydrochloric acid. 

2. The crystals are dissolved in water, or, where none have been 
deposited, the liquid is evai^rated and a solution of indigo and dilute 
sulphuric acid is added. If chlorate of potash be present, on the further 
addition of a watery solution of sulphurous acid or hyposulphite of soda, 
the fluid changes from blue to yellow, or altogether loses its colour. 

8. Poisoning with Metals and Metalloids.— (a.) Poisoning with 

Salts of Lead. — After the lapse of a few hours, a quantity of grey or 
blackish-grey substance is vomited. For the detection in this of com- 
pounds of lead, it should be partially evaporated on the water-bath, and 
organic matter decomposed by treatment with reagents. 

For this purpose E. Ludwig^^^ recommends the process of Fresenius 
and Baho : — The vomit is placed in a large porcelain dish, mixed with 
about its own weight of a 20 per cent, solution of hydrochloric acid, and 
3 to 5 grms. of chlorate of potash added, when the vessel is covered 
and allowed to stand for about twelve hours. The mixture is then 
heated to 60° in the wat<jr-bath. When the evolution of gas has ceased, 
more chlomte of potash is added to the brown mass, and this j)rocess 
is continued until the fluid ceases to form a brown colour. Should 
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the fluid become unduly concentrated, it should }ye further diluted with 
water. If in this way the organic material is not entirely decom}X)sed, 
hydrochloric acid must be again added, and the requisite quantity of 
chlorate of potash supplied as before. The mixture is then evaporated 
on the water-l)ath until the odour of chlorine is no longer perceived, 
when it is diluted with twice its bulk of water, passed through a filter 
which has been moistened with water, washed with a large quantity of 
water, and the washings finally collected and added to the filtrate. To 
the fluid so obtained sulphuretted hydrogen is added to saturation. The 
resulting dark precipitiite is then filtered ofl*, washed with sidphuretted 
hydrogen water, dried, and dissolved in nitric acid in the following 
manner : — It is placed in a porcelain dish, and pure (chlorine free) 
nitric acid is added in dT0\y8 until the whole has the consistence of a 
thin fluid, when it is evaporated to dryness on the water-bath, and the 
residue dissolved in boiling water and filtered. A white insoluble 
residue of sulphate of lead may remain. This may Ik; reduced to 
metiillic lead by the addition of so<ia and combustion on charcoal in 
the reducing zone of a blow pipe flame. 

The addition of sulphuric acid will cause the formation of a whiie 
precipitiite of sulphate of lead, and chromatc of |H)tash will give a 
yelloic prccii)itiite if lead be present. 

The quantitative estimation may be effected in the same way. 

Salts of lead in the vomit may be detected by another very simple 
process : — A strip of magnesium, free from lead, is placed in the fluid, 
when metallic lead will be dejwsited m\^\\ it, and can then l)e dissolved 
in nitric acid, and subsequently proceeded with as al)Ove. 

(6.) Poisoning with Salts of Mercnry. — Poisoning with compounds 
of mercury is very often attended with vomiting. The vomit in such 
<-ases differs greatly according to the strength of the jx)isoiL Wlien 
large quantities of corrosive sublimate have lx»en taken, jmin is expe- 
rienced in the region of the stomach, and shreds of tissue stained brown 
with hsematin are apt to In* discharged in the vomit. 

Tlie salts of mercury may l>e detected in the vomit in the same manner 
iis the comjKDunds of lead Sulphide of mercury is formed in the pro- 
cess, and from this tlui metal is obtained thus : — To the precipitate 
<'arlx>nat(» of so<la and cyanide of ^wtassium are addeil, the mixture dried, 
j>laced in a test-tul)e and heated, when the metal is sublimed in the 
upper part of the tube. 

The presence of mercury in the vomit may be shown directly as 
follows : — Granulated zinc {E, Luchrui) i"*® or brass wire {Fiirbringer)^^^ 
is i)laced in the substances to be examined, which have been previously 
acidulated with hydrochloric acid : the mixture heated for an lumr in 

the water-bath, and exhaustinl first with water and then with alcohol, 

% 
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and finally washed with aetlier and allowed to dry in the air. The brass 
wire is then placed in a test-tube and heated, when the metal is de- 
posited on the sides of the tube. If now, while the test-tube and it« 
contents are still hot, a small piece of iodine be introduced, the vapour 
of iodine given off will change ' metallic mercury into mercuric iodide 
\vith the development of a beautiful red colour {Schiieider)}^^ In a 
similar manner, mercury obtained by other methods may be converte<l 
into mercuric iodide. If, at the same time, the vomited matter contains 
an abundance of organic substances, it will Xw necessary to remove the 
latter by Fresenhis and Babo^s method before intrtxiucing the granulated 
zinc or brass-foil. 

It should be mentioned that in the distillation of the suspected vomit, 
metallic mercury may pass over with the watery vapour (Lecco ^^^), and 
it may also form from the reduction of corrosive sublimate in the process 
of distillation. 

(c.) Poisoning with Salts of Copper. — When sulphate of copi)er has 
been taken, it imparts a greenish-blue tint to the vomit In poisoning 
with the copper salts of acetic acid (verdigris, the commonest form), the 
green colour may be present, or there may be nothing distinctive in 
the appearance of the giistric contents. The recognition of the poison 
may be effected by the process descril)ed under (a.) Poisoning with Lead 
Salts. The sulphide of copper so obtained is dissolved in nitric acid, 
when the presence of the me till will be shown by the blue colour of the 
solution, which becomes deeper on the addition of ammonia. If the 
latter reagent causes a precipitate to fall, the fluid is filtered and the 
filtrate acidulated with hydrochloric acid. A portion of the filtrate is 
treated with yellow prussiate of potash, when a reddish-brown precipi- 
tate forms. In another portion a piece of iron-foil is placed, and after 
a little while the mettdlic copper present is deposited on its surface as a 
red coating. 

It must not be forgotten that traces of copper occur in every organ. 

{d.) Arsenic Poisoning. — The administration of large doses of arseni- 
ous acid, Fowler^s solution, or of certain mineral waters abounding in 
arsenic (such as those of Roncegno and I^vico), is followed after a 
short interval by the vonuting of a copious fluid deeply stained with 
bile. Where arsenious acid (white arsenic) is the poison in question, 
a careful naked-eye and microscopical examination of the vomit will 
often afford accurate information as to its nature. In such a case, larger 
or smaller particles of this substance are usually to be seen. When 
these white particles are removed with forcei)s, freed from other imim- 
rities by repeated cleansing, washed with cold water, and dissolved in 
a test-tul)e containing a small quantity of boiling water and then 
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allowed to cool, crystals of arsenious acid separate and may be recog- 
nised microscopically as small octahedral forms. When the crystals 
are heated with soda on a piece of carbon in the reducing zone of the 
blow-pipe flame, the characteristic odour of garlic is evolved, and if a 
sj)ecimen be heated with carbon in a test-tube, a metallic dejwsit forms 
in the upper cool part of the tube. 

A more accurate method is to remove organic substances with chlo- 
rate of potash and hydrochloric acid, then to heat the remaining fluid 
for a long time at 60* with sulphuretted hydrogen. A yellow preci- 
pitate of sulphide of arsenic forms. This is dissolved in sulphide of 
ammonium, tiltei*ed, the filtrate evai)orate<l to dryness, allowed to cool, 
some drops of concentrate<l nitric acid added, heated with more nitric 
acid until the evolution of gas has ceased and reddish-brown fumes are 
no longer given ofl*. The fluid is then concentrated to a small bulk in 
the water-bath, diluted with a little water, and treated with sodium car- 
bonate until its reaction is distinctly alkaline. It is then evajwrated to 
dryness on the water-bath ; the dried residue is fused with a quantity of 
carbonate and nitrate of soilium, allowed to cool, several times exhauste<l 
with water, and filtered. The filtrate is repeatedly treated with small 
quantities of dilute sulphuric acid until effervescence has ceased, when 
more sulphuric acid is added, and the fluid evaporated first on the 
water-bath and afterwards over a flame until white fumes are given off. 
The residue is then allowed to cool and is dissolved in cold water. Zinc 
and sulphuric acid, both free from arsenic, are placed in an apparatus 
for generating hydrogen. ^^ The hydrogen set free is purified and dried 
by being passed through a tul)e which is fitted to the apparatus, and 
contains solid caustic potash and granular chloride of calcium. To the 
first tube is adapted, by an air-tight connection, another tube con- 
stricted in two or three places and terminating in a point. When all 
the air has l)een driven out, the hydrogen escaping from the point of 
the tenuiual tul>e is ignited, and then the fluid to be tested is |)oured 
into the apparatus. The tulnj is next heated in front of the place 
where its calibre begins to diminish, and if arseniuretted hydrogen is 
mixed with the hydrogen gas evolved, metidlic arsenic is dejwsited in 
the constricted ix)rtion. 

A further test is as follows : — Tlie flame is extinguished and the gas 
conductetl into a solution of nitrate? of silver. A blackish-grey precipi- 
tate of metallic silver separates, and the filtrate, on the careful addition 
of ammonia, will give a further yellow deposit of arsenite of silver. 

(e.) Phosphorus Poisoning. — Poisoning with phosphorus is always 
atUMideil with persistent and severe vomiting, which may last for 
whole* days. The discharged 8ul)stinces an* free from blood, shreds 
of tissue, and the other signs of a formitlable orgauiic lesion. When 
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solid phosphorus in large quantity has been taken, th<> gastric contents 
■emit the characteristic odour of i)hosphorus and are luminous in the 
dark. It should be noted, however, that these properties are lost in 
presence of alcohol, oil of turpentine, and cliloroform. 

For the detection of phosphorus, the vomit is distilled with sulphuric 
^ncid in the dark, and the retort connected with a glass condenser 
(Mifschei'h'ch). The presence of the poison is shown by the appearance 
of luminous rings where the phosphorus fumes come in contact with the 
<iold water. 

Scherei' has also devised an admirable method for this purix)se. The 
vomit is enclosed in a flask provided with an air-tight stopper, and two 
test-papers — one saturated with nitrate of silver and the other with 
acetate of lead — are placed in it. If i^hosphorus be present, the first of 
these will be blackened, whilst the other remains unchanged. ^^"^ 

4. Poisoning with Alkaloids.*— (a.) Morphia Poisoning.— The 
earlier stages of poisoning with morphia are generally attended with 
vomiting, and in all cases where it has been taken by the mouth, the 
Alkaloid can be detected in the ejected contents of the stomach. Alt ^^^ 
has shown that, even when it has been injected subcutaneously, the 
ilrug will be found in the stomach about an hour afterwaixls. In such 
a case, therefore, the stomach should be Wiished out, and the washings 
tested for morphia. The Stas-Otto method ^^^ for its separation may be 
^imployed. In this, the -vomit is placed in a flask, and digested with 
alcohol and tartaric acid on the water-bath, allowed to cool, and filtered ; 
the alcoholic extract is heated on the water-bath at a moderate temperature 
(60*) until the spirit is entirely driven off, when the remaining watery 
solution is filtered. The new filtrate is evaporated to a syrupy consis- 
tence on the water-bath, and the residue extracted with alcohol. In 
doing this, the latter should l)e cautiously added, little by little, until 
a flocculent precipitate forms, and then in greater quantities until no 
further turbidity occurs. The alcoholic solution is then filtered, and the 
filtrate evaporated on the water-bath and dissolved in a little water. 
The still acid watery solution is next shaken up with aether, in order 
to eliminate other alkaloids and resinous sulistances, after which it is 
rendered alkaline with caustic potash, and again shaken up with aether. 
Any nicotin and atropin present (see below) are dissolved in this way. 
The residue is treated with sal-ammoniac and repeatedly extracted with 
warm amylic alcohol, which takes up morphia. The amylic alcohol 
extract is next collected, filtered, and evaporated to dryness on the water- 

* In this connection we shall consider only such alkaloids as are most frequently 
the subject of investigation by the physician. For more detailed information on the 
entire subject, the text-books of P, C. Schneider, J. Otto, Kobcrt, and E. Ludwig may 
be consulted. 
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bath. The residue is dissolved in acidulated water, which is rei)eatcdly 
added for the purix)se. It is then filtered, extracted with amylic alcohol,, 
neutralised with ammonia, and again extracted with warm amylic alcohol, 
which is driven off by evaporation. Finally, the residue may be tested 
thus : — 

1. To one portion a freshly prepared solution of molybdate of soda 
and concentrated sulphuric acid (i cc. sulphuric acid and 5-10 grms. of 
molylxiate of soda — FrdJule^s reatjent) is added. If morphia be present, 
the fluid turns first violet, and, changing through blue and green, becomes 
finally a pale red. 

2. Another portion is dissolved in water acidulated with hydrocliloric 
iicid, evaporated on the water-bath to dryness, and treated with a few 
drops of a very dilute solution of percliloride of iron, which should be 
free from hydrochloric acid. A blue colour shows the presence of 
morphia. 

An acid-free solution of perchloride of iron may be best prej^ared by dissolving 
the sublimated s: It in water {Ludicig).^^^ 

(b.) Poisoning with Nicotln. — Vomiting frequently occurs in this, 
condition, and the poison may be separated from the gastric contents by 
the Stas-Otto method. The alkaloid is extracted with aether from the 
alkaline solution of the evaporation residue {vide 8up)'a), and when the 
aether is driven off at a low temperature (30° C.) on the water-bath^ 
nicotin remains as a brown or yellow mass. If this be dissolved in 
aether and an aethereal solution of iodine added, an oily substance forms, 
from which ruby-red needles {Uou8sin!s crystals) slowly separate. 

(c.) Poisoning with Atropin. — In atropin-poisoning with the pure 
alkaloid, whether taken by the mouth or administered subcutaneously, 
vomiting rarely occurs ; but it is a frequent event in poisoning with the 
berries of the deadly nightshade. Under such circumstances, the con- 
dition is usually rendered evident by the discovery of the berries in the 
ejected substances, together with the clinical symptoms (mydriasis, &e.). 
If there should be any doubt as to the character of the toxic agent, 
recourse may be had to the Stas-Otto method, when the alkaloid will be 
taken up by aether from an alkaline solution of the residue, and may Ix; 
recognised by the following tests. The aether being driven off : — 

1. A portion of the residue dissolved in water, to which a trace of 
acid has Ijeen added, is dropped u[)on the conjunctiva of an animal (cat 
or rabbit). After the lapse of from 6-20 minutes pandysis of the 
sphincter fibres of the iris ensues, and the pupils are widely dilaUnl : 
0.0 1 mgrm. of atroi)in suffices to produce this effect 

2. A specimen of the residue is dissolved in a few drops of fuming 
nitric acid, and the solution evaporated on the water-l«itli : a colourless 
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substance remains, and tliis, when allowed to cool, and subsequently 
treated with alcoholic solution of caustic potash, turns first violet, and 
^fterwanls a cherry-red colour. 

{d.) Poisoning with Ptomaines and Toxalbumins.^^^ — The ingestion 
of putrid flesh is occasionally attended with severe s^Tnptouis of poison- 
ing, and there can be no doubt that in many cases of so-called acute 
gastritis, where the use of certiiin articles of diet — such as liver, kid- 
neys, and oysters — has been followed by nausea, vomiting, and ])rofuso 
diarrhoea and a retarded pulse, the true cause is to be found in the toxic 
effects of ptomaines and toxalbumins. To the same category may be 
referred the conditions known as ammonisemia (retention-toxicosis, 
V. Jal'schy^'^^ see Urine), and the cerebral symptoms (coma carcinoma- 
tosum, V. JaJisch ^^), which sometimes develop in the course of cancer. ^^^ 
The poisonous substances are probably diamines and toxalbumins, which 
are known to be formed in these processes. Further research is needed 
for the elucidation of this subject, and in questionable cases the vomit 
should be tested for ptomaines. In doing this, the observer should be 
guarded in his conclusions, since pcj)tone (which is normally a con- 
stituent of the gastric contents) is known to yield toxit^ substances of an 
alkaloid nature. 

In view of the great importiince which the study of these bodies has 
acquired of late years, and also because it enters into the pathology of 
other secretions besides that now under consideration, the subject is 
dealt with here at some length. The references, which are omitted, will 
be found in Brieger and the other authorities quoted. 

The StaS'Otto method may be employed for the separation of 
ptomaines from the vomit. Such of these bodies, however, as have 
yet been distinguished exhibit a very remarkable variety in respect of 
their chemical character. Some may be derived l)y extraction with 
xether from an acid, others from an alkaline medium, whilst a third class 
is distinguished by the fact that its members are soluble only in amylic 
alcohol, chloroform, or benzol. Others again are insoluble in amylic 
alcohol. It will be seen from this that the application of the Stas-Otio 
process must Ije supplemented by extracting the derived substances with 
various media, and even then it will sometimes happen that the effort 
is attended with failure. 

For such crises Brierjer's method ^^^ may be employed. This is briefly 
as follows : — If the material to be examined contains solid substances, 
these are first reduced to small particles ; sufiicient hydrochloric acid is 
then added to render the whole feebly acid, and the mixture boiled for 
a few minutes and filtered. The filtrate is evaporated, at first over a 
flame, and subsequently on the water-bath, until it has attained a syrupy 
consistence. It may l)e noted, however, that in view of the instability 
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of the IxxlioH sought, it is advisable to evaporate in vacuum, and at the 
lowest possil^le temperature (v. Jakscli) — a precaution which, as Brieger '^^^ 
suggests, should also be taken where foul-smelling substances are the 
subject of manipulation. The thick fluid is mixed with 96 per cent, of 
alcohol (filtered), and the filtrate treated witli warm alcoholic solution 
of acetate of lead. The lead precipitate which forms is now filtered off, 
and the filtrate concentrated — here again preferably in vacuum — to the 
same consistence as before, when it is again taken up in 96 per cent, of 
alcohol The alcohol is driven off by evaporation, and the residue, dis- 
solved in water, is freed from lead by the addition of sulphuretted 
hydrogen and filterinc?. The filtrate is acidulatetl with a little dilute 
hydrochloric acid, and concentrated (in vacuum) to the consistence of 
syrup. It is then diluted with alcohol, and alcoholic solution of mer- 
curic chloride added. The resulting precipitate is boiled in water, and 
certain ptomaines may separate at this stiige in consequence of the 
ilifferent solubilities of the double salts of mercurv. The l)ettt»r to 
secure this, the precipitate may be treated successively with water at 
various temperatures. Should it l)e thought that the lead precipitate 
may have retained some of the ptomaines, it may be suspended in water, 
the lead converted into its sulphide, and the fluid treated in the manner 
just descriV>ed. 

The solution obtained as above is filtered, and the filtrate, already 
freed from alcohol and mercury, is evaporated, the hydrocldoric acid 
all but rom[)letely neutralised with sodium carbonate, and the residue 
again extracted with alcohol, after which it is dissolved in water, 
neutralised with soda, again acidulated with nitric acid, and precipitated 
with phosphomolylxlic acid. The double phosphomolybdate is filtered 
off and decomposed by neutral acetate of lead — an object attained more 
readily by the application of heat on the water-bath. The le^id is then 
removenl by means of sulphuretted hydrogen, and the fluid concentrated 
and treated with ahiohol. Several ptomaines are thus separated as 
hydrochlorates, and may l)e obtained in the form of double sjilts of gold 
or platinic chloride and of picric acid. From these the hydrochlorates 
are again derived l)y precipitation with sulphuretted hydrogen ; and in 
the case of the picric acid compounds, extracting with water, acidulating 
with hydrochloric acid, and finally removing the picric acid by shaking 
it up with aether. 

The next st4'p is to ascertain if any ptomaines remain in the phos- 
phomolybdic acid filtrate after the precipitation of iihosphomolybdic 
acid. 

The a})ove is a mere sketch of the process, which, moreover, needs to 
be modified in manv instances. 

For the detection of the l)asic compounds which occur in the secro- 
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tions as diamines, tlie best method is that of Baumann and v. Udranshjy 
in which these bodies are converted ijito their benzoic compounds by the 
action of benzoyl cliloride and caustic potash. ]3y this means these 
observers discovered cadaverin (pentamethylendi amine) in the urine, 
and established the identity of Brieger\ putrescin with tetramcthyl- 
endiamine ^^ (see chapter on the Urine). 

Ptomaines (animal alkaloids) yield the characteristic reactions of 
alkaloids ; but otherwise they are not known to possess any distinctive 
chemical or physiological properties, i*'*'' 

The characteristic reactions which are common to all the alkaloids are the 
following {Otto, E. Ludw'uf)}^ With— 

1. Iodine and iodide of potassium solution, a brown flocculent precipitate ; most 
readily obtained from the solution of the alkaloid which has been acidulated with 
sulphuric acid. 

2. Mercuric and potassium iodide^ a white or yellow precipitate, insoluble in 
water and dilute acid. 

3. The iodide of bismuth and potash, an orange precipitate in a solution acidu> 
lated with dilute sulphuric acid. 

4. Photphomdyhdic acid, a bright or brownish yellow precipitate, insoluble in 
water and dilute mineral acids. 

5. Metaiungstie and phosphotungstic acids, a white flocculent precipitate, with 
difficulty soluble in water and dilute acid. (This, according to E, Ludtoig, affords 
a particularly sensitive test.) 

6. Tannin, in neutral or feebly acid solutions, a yellow or white precipitate. 

7. Platinic chloride, a whitish-yellow or citron precipitate, which is sometimes 
readily soluble in water, and but slightly so in alcohol. 

8. Chloride of gold, a yellow or whitish-yellow precipitate, which may be amor- 
phous or crystalline. 

The animal alkaloids already distingiushed as occurring in the human 
system are sufficiently numerous. They have been detected in the 
fsBces, the urine, and the milk, and they will find appropriate notice 
under the separate headings in this work. They are known by their 
effects both in health and disease, luid, in many instances, have been 
separated as definite bodies from the secretions. Such products residt 
from the decomposition of articles of food. Thus Vaughau ^^^ obtained 
one of these bodies (tyro toxin) from rotten cheese and bad milk, and he 
supposes that the substance in question is diazobenzol. Ehrenherg^^^ 
found a similar lx)dy in putrid sausages. Special mention should be 
made also of ptomato-atropin, a basic compound, whicli has been dis- 
covered in the latter food. In all cases where the clinical symptoms are 
tliosc of iH)isoning, and include severe vomiting, the methods described 
alx)ve may serve to elucidate the matter ; but it should not be forgotten, 
meanwhile, that the presence of peptone may be a source of ambiguity, 
since it may yield similar poisons. If the vomit or secretion is to 1^ 
tested for toxalbumins, Brieger and Frankers process ^^® may be used. 
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5. Poisoning with Ethylic Alcohol.— In acute poisoning with 

alcohol (ethylic alcohol), the vomit emits the characteristic odour of that 
substance. For its more accurate recognition, the gastric contents are 
first diluted with water, and, if very acid, carefully neutralised with 
caustic potash, and then distilled by steam. 

The distillate may then l)e submitted to the following tests : — 

1. To a portion a few drops of l)enzoyl chloride and a little caustic 
potash are added. When the mixture is heated and again allowed to 
cool, the presence of alcohol is shown by the characteristic odour of 
l>enzoylethylic aether {Bert helot). ^''^ 

2. With a small portion an equal volume of concentrated sulphuric 
acid is cautiously mixed, a little powdered sodium acetate added, and 
the mixture heated. The characteristic odour of acetic cether shows the 
presence of alcohol {Otto, E. Ludwig),^"^^ 

6. Poisoning with Chloroform.— Chloroform may be detected 
cither directly in the vomit or in the fluid obtaineii from its distillation. 
In either case, the following reactions will disclose its presence : — 

1. A little thymol dissolved in caustic jwtash is added to the fluid to 
l>e tested, and the latter is then heated. If chloroform be present, the 
preparation assumes a dark violet tint ( Vitali ^^2)^ and if )3-naphthol be 
used instead of thymol, a blue colour results {Lustgarten),^'^ 

2. A few drops of alcoholic solution of caustic potash and a little 
aniline are heated with the distillate of the gastric contents. If chloro- 
form be present, isocyanphenyl is formed, and may readily be recognised 
by its unpleiisant odour {Hofinann), 

In a case of poisoning with chloroform, where the drug was taken by 
the mouth, the author was imable to find any trace of it in the sub- 
stances vomited three hours afterwards, although the toxic symptoms 
were well marked. 

7. Poisoning with Carbolic Acid.— When a poisonous dose of 

carbolic acid has been administered by the mouth, the vomit usually 
emits the characteristic odour of that substance. The presence of 
carbolic acid in the ejected substances may be ascerttiined directly by 
the following tests : — 

1. Bromine water yields with a fluid containing carbolic acid a yellow 
crystalline precipitate of tribromophenol. 

2. A solution of perchloride of iron colours dark violet in i)resence 
of carbolic acid. 

In testing for these reactions, it is well previously to filter the vomit, 
if necessary washing it upon the filter with water. If the reactions 
are not obtained in this way, the filtrate is distilled with a little sul- 
phuric acid, and both tests are again applied to the distillate.^"* 

It is to be bf»rne in mind that carbolic acid may form in considerable 

L 
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quantity in the intestine in certain morbid states, and may then, as in 
intestinal obstruction, find its way into the vomit (See chapter on the 
Urine.) 

8. Poisoning: ¥rith Nitro-Benzol and Aniline. — (a.) Nitro- 

A^fco/. — Tlie presence of nitro-benrol in the vomit may be detected 
frequently by the characteristic odour, which resembles that of the oil 
of bitter almonds* To separate this substance from the gastric contents^ 
the latter is distilleil with a little sulphuric acid The distillate will 
contain oily iln^jis, which are soluble in jether. Aniline may be derived 
fn>m nitiwWnzol by the addition of granular rinc and dilute hydro- 
chloric acid, ^\^len retluction is effecteii in this way, the fluid is ren- 
denni alkaline with caustic (x^tash. and the aniline formed is extracted 
with lether. The oily n?sidue after the expulsion of the aether will yield 
the f^>llowing reactions : — 

1. If the aniline ^^lution be treated with hydrochloric acid, and a 
shaving of pine-wtxxi W placeil in it* the latter assumes a deep yellow 
c\>lour, 

2. A div^p of the oil is susjvndeii in watrr. and a few drops of dilute 
^uiii\n of ohK^ride of lime or of a very dilute 5^>lutiv»n of sulphide of 
amnuHxium adde«l : the fluid assumes a n>jiy-r?d colv»ur (Jaojitemin).^^ 

\. A vorv s^nisitive test is that of AL Likfirt^ -• *^* — A waterv solution 
of aixiline c^>loixrs a dark blue on the addition of a waterv solution of 
cwK>lic aci\l and hy|xvhlorite of ^via ; and this colour changes to red 
*^ the flirt her addition of hv^lnvhlorio sckL 

* 

4. The i:j^x*y:iuij^enyl t«>st ^^erxes well fi^r the detection of aniline 
fi^Ttw^l in the deci^m]xvitiv^n of nitiv^Wrj^>l. It was intmiuced by 
.4. >7*wrtVj?rr ^~* as a :«^^t iVr ai\»tanilide iar.:::V^rlnL To the fluid under 
exaisuinaxiv'^n a ft^w dixn^ii of -^ftiiusxic }x>rasr. and chloroform ar? added, 
ll is thi^n shaker, \r.^ A::d hea:<\i aihI wht-::: j^rain all-v-^wed 10 <\x?L should 
f-r,:it tht^ dis;^crt»AK^ ^xiv^xir . f ijvx'^yanphf r.yl 

^•»^ J-w^'fVf. — l\^:<v^nira: wi:h Ar.iMri? al>*.^- i> fier> anended with 
w\r.'.i:ir^- The v. r,:i: is dih::«M ^i:h wii^r. Ai>.i iisiillr^i with a little 
s:::>.'^.;:r:^ A.-\i, The a:s::Ij6:e :s c\:r*:ievi wiih jp-ti^er, aihi when the 
it5*<"r >vas "ixvr. dnx^r. v^? Vy «'VA:v^rA;i:•r. ar. vily jcSsoaac* remains. 
To ^>.:,h 4 he sVve T<es:s . : :o 4* t.c r.::rwSer:j';l riav Sr ai-^^ 

SL FotSOnin^ with PniSSlC Add.— rr.i> v- o.r:t:.x: laay TssaaDy be 
Tvv*.^,;s^-. >A ih,' ,^A:^:^^rJs;:: .vi.'cr .^f .x". ;; hcn^r alT:>:ois> For ilie 
.^•:X<v:xx; .! :he :v.^>*.c tS' >.'r..:: ^.< lr:^*:<x: wtii: ji scnall quantity of 
u.ru:'>, *>:i» atjA .v-j^i^-a^,, HyAr.v>-ar.:;: A.'s.i pasaps ctk* with the 
.ljs::/is:^r. >Vv.\ *.:;? yc^^vr:.^\ h.^-^^A;?. :vc>v.-.r.:r:^ wiih ibe dr^*: is to 
>- v..f-'r;^\ .^.'^ 'tt':;:r. :: ,Ar. Sr *?s,«i^:cjurj:*i ihi: lifr v.-c::* i* fi^ee from 
'.r.:>.v.>.;.> l-.v.W s*^:> .: .>-ir>.yt-r* jta< f,c :T,^>cx:>>f* tib* yeli^'w oir r^i 
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The best test is to add solution of ferric chloride and sulphate of iron 
to a little of the filtered fluid. With this last reagent yellow ferro 
cyanide of potassium gives a white precipitate, which soon changes to 
a bright blue, while with the perchloride of iron it forms a Prussian- 
blue precipitate. Red ferricyanide of potassium gives a dark blue preci- 
pitate with sulphate of iron, and a deep brown coloration with the 
perchloride. Should both the above-mentioned substances be present, 
the following process may be applied : *^® — The fluid is acidulated with 
sulphuric acid, and treated with an excess of carbonate of lime. The 
corresponding lime-salts take the place of ferro- or ferri-cyanide of 
potassium, and only so much hydrocyanic acid as is not combined in 
the double salts of cyanogen passes over with the distillate. Tlie latter 
is then tested for hydrocyanic acid in the following manner : — 

1. To a few cc. rendered alkaline with caustic potash, a few drops of 
a freshly -prepared solution of cupric sulphate are added ; the mixture is 
heated, maintained for the space of one minute at boiling-point {Ludwig)y 
and allowed to cool. It is then rendered strongly acid with hydrochloric 
acid. A blue coloration of the fluid results, and when allowed to stand 
for some time, a flocculent Prussian-blue precipitate settles in it. 

2. To a few drops of the distillate a yellow (holding poly-sulphide of 
ammonium) solution of sulphide of ammonium is added, and the mix- 
ture boiled until the yellow colour entirely disappears. It is then 
allowed to cool and perchloride of iron and hydrochloric acid added. 
If hydrocyanic acid be present, the preparation assumes a red colour 
(sulphocyanide of iron). E, Ludwig^'^^ applies this test in a different 
manner : — The fluid is treated with yellow solution of sulphide of ammo- 
nium in excess, a few drops of caustic potash added, and the mixture 
evaporated to dryness. The residue is exhausted with water, treated 
with hydrocldoric acid, and filtered. The filtrate is then tested with 
solution of perchloride of iron, when a blood-red colour should develop. 

3. Another very admirable test has lately been suggested by Vort- 

manny^ To the fluid to be tested a few drops of nitrite of potash are 

added, and then two to four drops of the solution of perchloride of iron, 

and finally dilute sulphuric acid, until the yellowish-brown colour of 

the basic ferric salt formed in the beginning of the reaction has changed 

into a light yellow. The solution is then heated to boiling, allowed to 

cool, treated with ammonia and filtered, and to the filtrate a small 

quantity of a colourless solution of sulphide of ammonium is added. 

The presence of a minute quantity of hydrocyanic acid will be shown 

by a bluish-green, of large quantities by a beautiful violet- red colour. 

Vartmann has named this the " nitro-prusside test" 

The vomit indaced by a number of other poisons, as carbonic oxide gas, sal- 
phnretted hydrogen, &c., exhibits no distinctive properties. 



CHAPTER VI. 

THE F^GES. 

Under the term faeces^ are comprised all those substances wliich, 
being formed from the food in the process of digestion, and mixed 
with the residues of the secretions of the alimentary canal, are finally 
expelled from the body by the rectum. 

I. KAKED-ETE OHABAOTEBS OF THE FJEOES.— The char- 
acter of the faeces varies considerably in health, deixindmg chiefly as it 
does on the nature of the food ingested. The labours of Nothnagely 
however, have obtained for us a knowledge of some points which are 
more or less characteristic of healthy stools. Such a stool is moulded, 
and of a certain consistency. Its reaction is sometimes alkaline, 
sometimes acid. It is alkaline in certain morbid states, as, e,g.y 
typhoid; but in others, as the acute enteritis of children (and, in the 
author's experience, of adults as well), the reaction is acid. The 
so-called " clayey " stools of dyspepsia in children, however, are nearly 
always strongly alkaline, — a fact which is due to the presence in them 
of carbonate of ammonia. Nothnagel concludes that there is little to 
be learned from the reaction of the faeces. 

The colour, too, is very inconstant. It depends upon the food taken, 

and is gr^tly modified by drugs supplied to the system. Wlien, e.g.y 

bilberries are eaten freely, the faeces are coloured black. So, too, 

they are rendered black by preparations of iron, manganese, or bismuth, 

the colour in these cases being due to the formation of the sulphides 

of those metals. After a meal of cocoa-nibs or chocolate, the stools are 

apt to be coloured grey (WtderJiofery^ The exhibition of calomel will 

turn them green, an appearance which was formerly attributed to tlie 

formation of sulphide of mercury, but which is now thought to be 

caused by the presence of biliverdin (Betz, A, Vogd, Monti, Zaicadski).^ 

Researches which the author has made with the green stools passed 

after the administration of calomel have shown that these contain 

abundance of urobilin, but no biliverdin. Hence it would appear that 

the colour is not due to the latter substance. Lesage* distinguishes 
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two varieties of the green stool of children. The colour in the first is 
due to biliverdin, but in the second it is caused by a definite bacillus 
which produces a green colour-substance. This bacillus can be culti- 
vated outside the body, and inoculated upon animals. Its presence in 
great abundance in the faeces is associated with a 
severe form of cholera infantum. Santonin, rhubarb, 
and senua will stain the faeces yellow. 

The presence of unaltered bile pigment in the 
fsBces is always pathological (Pettenko/er),^ Healthy 
excrement contains a pigment which has been 
named stercobilin {Vanlair, Masius^), and which 
Maly asserts to be hydrobilirubin (urobilin). This 
latter body can be prepared artificially from bile 
pigment, and it is probable, d. priori^ that a simi- 
lar change is effected in the process of intestinal 
digestion, when we would expect to find urobilin 
in the faecea For a further description of this 
body and the tests by which it may be recognised, 
see the chapter on Unne, 

The quantity of faeces i>assed by a healthy man 
in twenty-four hours averages 120-200 grms. The 
remaina of imdigested food are often to be found 
in the excrement, as berries, fragments of })otatoes 
and apples, and shreds of fibrous tissue. Virchotc "* 
relates a case in which orange-skins voided Avith 
the faeces were taken for a parasite, and Eichharsi ^ 
one in which great coils of hard, woody asparagus 
were passed imaltered by digestion. 

Amongst the occasional constituents of the faeces 
visible to the naked eye, must be mentioned the 
cylindrical slireds of mucous membrane, of larger 
or smaller size, which are passed in the affection 
known as tubular intestinal catarrh (Colica mucosa, 
Enteritis membranacea or tubulosa), (Nothnar/el).^ 

The cases in which such mucous formations are 
found are not very rare. Their discharge is attended 
with violent tenesmus, and unaccompanied by the passage of faecea They 
are ribbon-like or reticular in form, and consist chemically of mucin and 
fibrin (Litfen),^^ They are often of great length. In one mstance they 
had the appearance of coiled brownish-yellow strings, 0.5 cm. thick, with 
here and there shreds of transparent membrane. The material under 
description was readily compressible beneath the cover-glass, and when 
looked at through the microscope, exhibite*! a profusion of transformed 
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Flu. 65.— MuooiiK Cylin- 
der li-um the Faeces. 
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intestinal epithelium involved amongst long, spirally- wound, and twisted 
threads. These bore some resemblance to the Curachvumn-Leyden 
spirals (p. 98), but had no central thread, nor did they exhibit crystals. 

The specimen represented in fig. 65 was derived from a child of two years.'^ 
It consisted of mucin and fibrin concentrically arranged, and enclosed babbles 
of gas. 

In all probability the presence of these bodies implies chronic catarrh 
of the largo intestine, usually associated with obstipation and copious 
secretion of mucus. ^2 

A patient, suffering apparently from chololithiasis, whilst imder the 
author's observation, passed with the faeces a shred of tissue 5 cm. long 
and 3 cm. broad, which proved to be intestinal mucous membrane. No 
cause could be assigned for its detachment. 

Virchow and Nothnagel ^^ describe the occurrence of bodies resembling 
frog-spawn or cooked sago-grains in the stools, and some observers 
have supposed that they were derived from ulcerating intestinal fol- 
licles. Virchow thinks they come from an excess of farinaceous food. 
Nothnagel has also met with particles about the size of a poppy -seed, 
which chemically had the constitution of mucus. .It must, however, 
l)e mentioned that this autlior has never found mucin in any quantity 
as a constituent of healthy excrement. A'lYa^a^ra^* found that these 
bodies in many cases consist of vegetable debris, but that others, which 
are distinguished by being more viscous and of softer consistency than 
the rest, are formed of mucus. 

Foreign bodies of all kinds are occasibnally to 1x3 seen in the faeces of 
lunatics and children. 

Finally, tumours or parts of tumours originating in the alimentary 
canal, and stones or concretions formed in the gall-bladder or intestine, 
may be passed with the stools. 

The presence of gall-stones is a fact of great clinical interest. They 
may in all cases be detected by a careful examination with the naked eye. 

The fffices of a woman suffering from various symptoms of dyspepsia 
were found to contain a number of soft, white and yellowish particles 
about the size of a pin's-head. These proved to contain cholesterin and 
carbonate of lime, and it is probable that they were multiple small 
biliary concretions. 

II. MIOROSOOPIOAL OHABAOTEBS OF THE FJEOES— To study 
the microscopical ap|)earance8 of the faeces, a small particle should be 
pressed between a cover-glass and slide. If the stools are fluid, a drop 
may be placed upon a slide, and so examined. Much, of course, depends 
upon the character of the fooii, and the following description applies to 
the faeces of an adult living chiefly upon animal diet. 
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1. Constituents Derived from the Food. 

(o.) VagetaUa Oallg. — These are of very variable form, iind occur 
separately or in organic connection with one another. Tliey sometimes 
exhibit starch granules or remnants of chlorophyll (fig. 66, e-i, t). 

(6.) Hnscle Fibrea are almost invariably found in the feeces. Their 
quantity depends upon the supply of flesh-meat. They are relatively 
fewer after a mixed diet (Nothnagd).^^ They are usually much altered, 
stained yellow by the b le and swollen I ut w t) a high i>ower of the 

croscope their transverse stnat on can usuallj be made out 

(c ) ElMtlc Fibres are rea lily to be d st ngi shed by their double 
contour and cur ed f o m Tl e\ are U } "* der ed fro n the food and 
occ r both in health all sease 
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{(I.) Connective Tissue is found occasionally in the excrement of 
liersons who eat much animal food, and is then of no pathological con- 
sequence. But if areolar fibrea occur plentifully where flesh is sparingly 
eaten, they afford an indication of digestive disturbance. 

(e.) Pat — Fatty globules are occasionally seen, but fat occurs more 
cuinmonly in needles, arranged separately or in clustcra (Notknagel). 
Such needles are found in greater quantity when much fat has been 
taken with the food. The stools in alcoholic poisoning are always rich 
in fat, so also with the fatty diarrlicea of children (see p. 303). 

{/.) Starch Oruinles. — These particles may be easily detected by 
their reaction with a solution of iodine and iodide of potassium. They 
are commonly to lie found, but sparingly and of small size, in healthy 
stools. They arc also found in the interior of vegetable cells. Not!t- 
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nage! asserts that iiii exceae of such subBtances iti the excrement iraiiits 
to a derangement of the intestine. 

(g.) Ooagnlated Frotelds. — Undigested milk occurs in the stools, 
especially in cliildren nnd in t>er8one suffering from diarrhcea. Notli- 
nagd has describeit a suletance resemUiiig coagulated albumin which 
is occasionally to be seen in caaeu of intestinal trouble. It occurs in 
round yellow particles, varying from the size of a bean to that of a 
millet-seed. Their substance is readily soluble in a 5 per cent, solution 
of HCl, is precipitated from alcoholic solution by acetic acid, and redis- 
Bolves in excess of the acid, from which it may he again precipitated 
by ferrocyanide of potassium. They resemble the mucous particles of 
NothTtaijel, to which reference has already been made. That author 
thinks that the substance in question is casein." 

The discharges of infants at the breast are of a verj' different character 
ftvm those of adults. Here muscle-fibres, areolar, nnd elastic tissue are 
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absent, coagulated ptoteids taking their place. Microscopically they 
abound in fat and crystals of the fatty acid salts. 

2. Formed Elements Derived from the Intestinal Traet. 

1. Bed Blood-OellB. — Red blood-<;orpuac]es are rarely to l>e found in 
the f{ec«s. Nothna-jel lias examined the f res lily- voided excrement of 
tj-phnid, when it was deeply stained with blood, but could find none of 
these cells. In such hremorrhagic stools, however, are seen larger or 
smaller masses of reddish-brown |>ign)ent (hsematoidin), and the rhombic 
crystals of hraraatoidiu are e.W> occasionally present. In cases where 
the blood is derived from the upper part of the alimentary canal or has 
remained for a long time in the intestine, the ffeces arc no longer red 
like blood, l)Ut are stained a dark brown or black. "We have already 
seen tliat a similar effect may be i>roduced by certain drags (see p. 164), 
ond consequently it is not jwssible to infer a hiemorrhage from tliis 
npjiearancc alone ; neither will reii blood-cells Iw visible uiiilet the 
microscope. In such cases the presence of hlood may be determined 
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with absolute certainty by the application of Teichmann^s test tti a dried 
particle of the faeces (see p. 61). 

2. Lencocytes. — In healthy stools leucocytes are rarely to be met 
with. They are always loaded with fatty (mrticles. As a pathological 
condition, the appearance of leucocytes in great quantity in the excre- 
ment is far from common. Nothnagel found absolutely no increase 
in the number of these bodies in simple intestinal catarrh. ^Mien a 
considerable increase does occur, it affords a presumption of ulceration 
of the gut. 

Pure pus is found when an abscess has discharged into the intestine 
and in dysentery. (See p. 208.) 

3. Epithelium. — Epithelium is always found in the fseces in health. 
Squamous epithelium comes from the region of the anus. Columnar 
epithelium is more rarely met with (fig. 66, c). The latter is usually 
uncoloured, but occasionally stained yellow. The cells occur either 
separately or in masses. Their boundaries, as a rule, are not easily to 
be recognised, but well-formed goblet-cells are sometimes seen {Noth- 
nagel), Sometimes, too, they contain fat, and are then very large. 
Altered epithelial cells are often found in the faeces. In their typical 
manifestation they constitute what Nothnagel has termed "fusiform 
degeneration." They are, for the most part, small, non-nucleated, 
homogeneous, and somewhat glossy bodies, tending towards the spindle 
shape (fig. 66), but exhibiting every variety of form l)etween this and 
the ordinary epithelial structure. NothnageVa opinion is that these 
IxKlies are epithelial cells altered by abstraction of fluid, and he remarks 
that he has found them most typically shown in the mucous coating of 
scybalous masses. The mere presence of epithelium in the stools is a 
fact of no clinical consequence. When in disproportionate quantity, it 
points to intestinal catarrh. 

4. Detiitns. — There are certain indeterminate substances always to 
be found in the faeces, which are usually either derived from the food 
or belong to the waste products of digestion. They occur se|>arately or 
in masses, and are little affected by reagents, although sometimes they 
are soluble in alcohol. Their constitution is very various. 

8. Parasites. — There is no i>art of the Ixnly so apt to be infestetl 
by parasites as the intestine. Such parasites l)elong l)oth to the animal 
and the vegetable kingdom, and it is not unreasonable to conclude, from 
the vast numbers in which scmie of them are always to be found, that 
they exercise an imi)ortant function in the final processes of digestion. 
This may be said esi^cially of certain vegetable forms, and among them 
the fission-fungi, i)resently to be mentioned, hold a prominent place.*' 
[Researches by MacFadyean *® jwint to a physiological distinction l)e- 
tween the bacteria inhabiting the small and tliose of the large intestine. 
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The former are stated to act only, or almost only, on carbo-hydrates, 
producing ethylic alcohol, which is constantly present in the small intes- 
tine ; while the bacteria of the large intestine aid in the disintegration 
of proteids.] 

A, Veg^etable Parasites. — It will be useful to divide these para- 
sites, as before, into two classes, — the pathogenic and the non-patho- 
genic ; but in doing this, it must be premised that some of the organisms 
classed as non-pathogenic may also at times be closely associated with 
morbid states. As an instance may be mentioned, the Bacterium coli 
commune, which under certain circumstances acquires noxious properties 
( Wyss ^®). The non-pathogenic parasites will first engage our attention, 
and we shall adopt the usual classification into moulds, yeasts, and 
fission-fungi. 

1. Non-Pathogrenic. 

1. Moulds. — The only specimen of this class which has yet been found 
in the intestine is the thrush-fimgus. It occurs in children suffering 
from thrush, and its presence in the stools is clinically of no significance. 

2. Yeasts. — Yeast-cells (Saccharomycetcs) are the commonest form 
of parasite in the intestmal discharges, whether of health or disease 
{Nothnacid\ (fig. 66, between h and c). Uffdmann ^ asserts that yellow 
yeast-fungi are often also to be seen in the fresh stools of infants at the 
breast. Micro-organisms of this kind are most abundant in the acid 
stools of children. They are round or oval ; lie together in groups of three 
or four; and commonly exhibit their characteristic sprouting arrange- 
ment. Well-formed yeast-fungi, however, such as are seen in fermenting 
saccharine solutions, are very rarely to ho. met with. Nothnagel saw 
such once in a case of typhoid in a child. In the bile-stained and acid 
discharges of acute catarrh of the small intestine in adults the author 
has not infrequently found fungi which closely resembled the form 
described by Rees '^^ as the Saccharomyces ellipsoidous, except that they 
were somewhat smaller (p. 145). 

The yeast-fungi of faeces stain a mahogany-brown with the iodo- 
))otassic-iodide solution. This property depends ujxju the fact that they 
hold glycogen in their substance. 

Tliere are other forms to be met with morphologically resembling 
yeast-cells, but distinguished from them by giving a blue colour with 
the iodo-iK)tassic-iodide solution mentioned above (see p. 1 7 1 ). 

3. Fission- Fungi. — These organisms exist in swarms in the intestine, 
and they are to be found in greater profusion in the fseces than in any 
other of the excretions {Nothnagdj BriegeTj Uffelmann, Escherich, Bien- 
stodx'y Stalily Kuisly Miller, Sucksdor/'^'^) ; indeed, it is not incorrect to 
say that they always constitute the bulk of these discharges. Bacilli 
and micrococci of the most varied kinds are the commonest forms. 
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They occur separately or in colonies, and often exhibit lively movements. 
It may be said, as a rule, that micrococci predominate in the solid, and 
bacilli in the fluid motions. The former are sometimes found in shapes 
resembling torulse and sarcinse. The organism which occurs most com- 
monly and in greatest abundance is the Bacterium termo (Bacterium coli 
commune), and there can be little doubt that this body is intimately 
associated with putrefactive processes in the intestine ; although it must 
be stated at the same time that we are ignorant of its functions in 
health, where also it exists abundantly, and that the host of other 
micro-organisms which make their appeanmce when putrefaction is 
going on throws a great deal of doubt over this question. 

Bacillus subtilis is foimd in the discharges both of health and disease. 
It was first discovered by Nothnagel^ and may be seen as long threads 
with spores attached, or as se|wirate spore-bearing rods, and elsewhere 
the spores alone occur in clusters. Its relatively thick edges and the 
remarkably glossy appearance of the spores facilitate its detection. Its 
presence has no clinical significance. 

The various micro-organisms above alluded to stain brown or brownish- 
yellow in solution of iodine and iodide of potassium or of ammonium 
iodo -iodide ; and this property belongs especially to the groups of micro- 
cocci, which are coloured very deeply a brownish-yellow by contact with 
this reagent. 

In addition to such forms, the faeces exhibit other micro-organisms, 
which stain blue or violet in the iodo-potassic-iodide solution. Nothnagd 
has described many of these, and one especially which he holds to bo 
identical with the Clostridium butyricum of Prazmowski,^^ 

The author has investigated this subject with great care, and he is in 
a ]K)sition to confirm NothnageVa statements in every particular, and 
would venture to add something to his description of the fimgi which 
stain blue with the iodo-potassic-iodide solution. 

To ]:)egin with the minutest forms. There is a micrococcus which 
occurs in swarms of uniformly and finely granular zoogloeaform bodies, 
which colour a reddish-violet with the solution. 

Next in order is a micro-organism in the form of short delicate and 
somewhat pointed rods, which recall the bacillus of septicwmta in the 
mouse^ and which stain in a similar manner with the reagent mentioned. 
These rods occasionally contain one or two spherical granules, which do 
not stain in the solution. 

There are other rods, of varying length, which resemble the Leptothrix 
buccalis in the manner of their reaction with the iodine fluid ; and a 
further variety, which difl*ers from the Bacillus subtilis only in that the 
fungus threads stain blue, while the bodies referred to above as the 
spores remain uncoloured (fig. 68). 
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Thv uutlior 1ms otteii hud an ii[)[)ui'liinily of Dbaervinj; the L'h>striiliuiii 
butyricum of Nothwtgel. It tiikes the form of large round celb, usually 
viaible in uncoloiired preparations by reason of their somewhat lustrous 
appeanmc«, and in other resjiects resembling yeost-fungi. In some 
cases they adhered to one another like a string of bends, and in others 
vfere simply disposed in groups (tig. 69). These bodies, as Liethetm 
and others have observwi, stain with the Zi^hl-Neelsen fluid in the same 
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manner as tubercle bacilli, but they are not likely to be mistaken for 
these, since they are suHiciently distinguished by their size, shape, and 
peculiarity of arrangement. 

A micro-organism of oblong and somewhat point«il form also occure 
in the fscea, and cultivations of this have been made by H. Fischn: 

It nuist be mentionetl that altlioiigh these Ixxiies all stain some shade 






of blue with the solution of iodine and ii^de of potassium, the tints 
which they derive from that reagent exhibit notable difTerences ; for 
whilst, on the one hand, the microcoi'ci are but slightly coloured, and 
of a purple tint wliich tends towards red, the rod-Uke micro-organisms 
stain very deeply, and of n dark-blue colour. The stain is in all cases 
transitory, fading in from twenty-four to forty-^ight hours, and disap- 
pearing altogether within a few days. 
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Those fungi whose characteristic it is to stain blue in iodo-potassic- 
iodide sohition occur probably in all stools, but in relatively small 
numbers in those of health. They are in profusion only in certain 
morbid states, and especially in intestinal catarrh. They do not seem 
to bear any relation to the reaction of the discharges, having been found 
aHke when this was alkaline and when it was acid. To conclude, they 
are constantly present in health and in disease, and in the discharges 
of infants at the breast, as well as of older children nourished on a 
meat-diet 

Hence it follows that no definite clinical significance attaches to any 
of the parasitic forms hitherto described. It is a matter of observation 
that in certain pathological conditions of intestinal derangement one 
form or the other is apt to preponderate, but we have no evidence that 
they are in any case the cause of disease, or tliat the multiplication of 
a particular micro-organism is not rather the consequence of the dis- 
turbance which it is found to accompany. 

The intestine is apt to be infested with microbes of a pathogenic 
character, which in form closely resemble those innocuous parasites 
which have just been described. Much light has been thrown upon 
their nature by the researches of recent years, and for their detection 
we have to make use of a number of s])ccial methods. But these alone 
Avill not suffice. Without an accurate knowledge of the commoner, at 
least, of the non-pathogenic organisms which normally inhabit the 
intestine, the discrimination of the others is impossible. It is for this 
reason that we have dwelt at some length — though still in a far from 
exhaustive manner — on the description of the innocuous micro-organisms 
which are most frequently to be found in the faeces. 

2. PathOg^eniC Fungfi. — We pass now to a consideration of the 
pathogenic parasites, the bacilli of cholera, tyi)hoid, and tubercle. 

1. Cholera -Bacillus (Comma-Bacillus), — To. Robert Koch,^* the 
pioneer of the modern science of bacteriology, belongs the honour of 
having first discovered the micro-organism which causes that most 
terrible of the epidemic diseases of our time — cholera. 

We shall not attempt to give an accoimt of all that has been written 
upon this subject, but shall content ourselves with making here and 
there a i-eference to the leading authorities for the information of the 
reader; and we shall avoid the discussion of controverted points of 
which we have no personal knowledge. Nevertheless, there can be no 
ilovbt whatever of the fact that a definite aivd morphologically distinctive 
parasite occurs in t/ie discharges of cholera patients ; and it is a task at 
once difficult and of the utmost importance to define the form of this 
organism, and to devise methods for its recognition. 

Koch descrilied the cholera-bacillus as a short rwl-like form, curved 
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or aemicirtiilar, and aoniewhnt thicki'r than the baciUua of tubercle. 
Such bodies often lio two together, with the concavity of their curves 
turned ill opptosite directions and their extremities in cootnct, so as to 
from an S-shaped figure. Neu/iaiigg ^' describes flagella upon them, 
Lqffler^ has demonstrated their esiateuce by the method described in 
Clinp. X. They produce by division ]>eculiar acrew-Iike spirals, wliich 
remind one of the s]>irillum of relapeiuff fever, only that these are 
thicker (fig. 34). Koch did not find any separate spores belonging to 
these oi^anisms, but it would seem that Hueppe ^ has succeeded in 
doing aa Such bncilli were discovered by Koch in the intestine and 
dischargeA, rarely in the vorait, of Asiatic cholera, and never in the 
blood, saliva, tears, urine, or breath of patients silffering from this 
disease. The discharges, according to this authority, sometimes contain 
almost unmixed colonies of bacilli. Soch's statements have been borne 
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out by the subsequent investigations of Bahef, Varulj/ke-Carlin; NtttUi, 
RieUch, can Enneitgeii, and others.^ 

It follows from what has been auid of the enormous profusion in 
which nucro-organisms of various kinds infest the intestine, that the 
cholei'a-bacillus, when not very plentiful, may easily escape detection ; 
and therefore it will not suflice to submit discharges which are supposed 
to contain it to a simple microscopical examination. To meet the exi' 
geucies of the case, Koch has stuilied the mode of growth of the bacillus, 
and he has devised for its cultivation certain special jirocesses, on the 
application of which the diagnosis of Asiatic cholera may very safely 
rest. The first requisite is to separate some of the bacilli or their gemis 
from the mass which contains them, and this may readily be done in 
the manner to be described in another part of this volume {vide chapter 
on Methodn 0/ Bactmologirai Research). 

A complete and exhaustive search for the cholera-bacillus may be 
performed as follows : — 

I. A particle of the discharge is placed ujKin a slide, and 1? 
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uiicroscopically for the bacillus. In doing this, the expedient of 
Schottelius^^ may be adopted with advantage. He puts a little of 
the stool in an open glass, together with an equal quantity of alka- 
line meat-broth, and allows the mixture to stand at a temperature of 
3o'-40* C. for twelve hours. At the expiration of that period, the 
bacilli will be found in swarms on the surface of the glass, and a 
specimen may be obtained which will consist almost entirely of them. 

2. A particle of the discharges or a drop of the infected broth 
{Schottdius) is next spread out in a very thin layer between two cover - 
glasses, dried, passed three times through the flame of a Bunsen burner, 
stained with one of the basic aniline dyes (fuchsin, methylene blue) and 
examined under the microscope. 

3. Plate-cultivations are made from the suspected stools with nutrient 
gelatine and agar-agar, as described in Chapter X. 

4. If comma-bacilli develop in these, cultivations are to be made by 
inoculation in the depth of nutrient substances. 

5. The bacillus is to be cultivated in hanging drops {vide Chapter 
X.) — (it is well to apply this test at once, in the event of comma-bacilli 
being found in Schottelius* preparation) — and the micro-organisms 
develoi>ed in the medium are to be compared with those derived by 
plate-cultivation. 

When the discharges examined belong really to Asiatic cholera, the 
processes i and 2 will generally show the comma-bacillus of Koch, The 
inference to be drawn from the third process depends upon the fact 
that the cholera-bacillus, cultivated on a nutrient gelatine plate at 
2 2** C, forms after twenty-four hours white colonies, with irregular^ 
jagged, or sinuous outlines. These exhibit a light-yellow or rosy tint, 
and present an appearance like that of a layer of powdered glass over- 
lying the gelatine plate. The colonies grow gradually darker towards 
their centre, and presently begin to liquefy. 

Plate-cultivations in nutrient agar-agar fonu a greyish-yellow, fur- 
rowed, slimy surface, and do not cause the imderlying nutrient medium 
to liquefy. 

When cultivated by inoculation in the depth of the nutrient sub- 
stance contai^ied in a test-tube (t?. supra), after the lapse of twenty- 
four hours the nature of the bacillus is shown by a white coloration,, 
which extends along the track of the needle, and the formation of a 
funnel-shai^ed cavity, which increases gradually from the circumference, 
and acquires the appearance of an air-bubble. It is only at its super- 
ficial part that this liquefaction occurs, the lower layer of the inoculated 
substance remaining unaltered for days. 

In hanging-di-op cultivations, the comma-liacillus exhibits the follow- 
ing peculiarities (r. supra) : — When examinetl on the day following 
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the inoculation, or, it may be, after the lapse of a few hours, and with 
an oil-immersion lens and a constricted diaphragm, mobile swarms are 
seen in the centre of the mass, while at its circumference appear the 
spirochaete-like bodies, which sometimes exhibit as many as twenty 
spiral twists. Suppose that a specimen, which Schottelius' method had 
previously shown to contain micro-organisms when cultivated in this 
manner, displayed some forms which resembled the comma-bacillus, it 
will then be necessary to transfer some of these drop-cultivations in the 
manner described in Chapter X. for cultivation by the plate and deep- 
inoculation methods. 

Bujwid has recently recommended his chemical process (see below), in 
combination with that of Schottelins for the purpose of disclosing the 
cholera microbes, even without the aid of the microscope. 

It should be mentioned that the cholera-bacillus will thrive at a tem- 
perature of 37**, and even on boiled potatoes. Its cultivations resemlJe 
those of the bacillus of glanders to the naked eye, but their growth is 
slower and needs artificial heat. The bacilli are very sensitive to drying 
and to exposure to a 5 per cent, solution of carbolic acid. 

Bitter and Kietsch^ have shown that the cholera microbes elaborate a peptonis- 
ing ferment. 

Poehl and Bujicid^^ found that the addition of a 5 to 10 per cent, 
solution of hydrochloric acid will, in a few minutes, impart to cholera 
cultivations, and to no others, a violet-rose colour; and Brieger^^ has 
been able to separate from them a colour-substance, to which he gives 
the name of " cholera-red," but which Scdkoicski ^ identifies with indol. 
Bujmd^s cholera reaction does not seem to merit the commendations 
bestowed on it. Other fungi, pathogenic and innocuous, behave in a 
similar maimer with mineral acids. 

The foregoing observations were confirmed by Kitasato.** 

Cantani ^^ notices, as a result of his experiments upon animals, that 
cholera-bacilli elaborate a poison ; and Brieger ^ has actually sej)arated 
from its cultivations specific toxic substances, which occur together with 
cadaverin and putrescin, and result from the agency of cholera microbes. 
The method he employed is that detailed at page 158. It remains for 
the clinical observer to detect these substances ready-formed in the 
discharges of cholera patients ; and some progress has already been made 
in this direction (Pouchet),^'' Recent research has made it doubtful 
whether it is these toxines which play so important a part in the morbid 
process, and not rather the toxalbumins from which they are known to 
originate. 

There are two other micro-organisms which bear a considerable resemblance 
to the comma-bacillus. One of these, the bacillus of cholera nostras, is a 
pathogenic micro-organism ; the other is Denekti't spirillum of cheese. 
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2. The Bacillus of Cholera nostras. — FinHer and Prior ^ have observed a 
micro-organism resembling the comma bacillus in the discharges of cholera 
nostras. It is distinguished from the bacillus of Asiatic cholera chieflj bj its 
size (fig. 71), being both longer and broader than the latter. In addition to 
this, the two exhibit notable differences in life-history. When a colonj of the 
PinJcUr-Priar bacillus is cultivated on a plate in nutrient gelatine, it is seen to 
be of a uniformly round figure with well-defined edges ; and when examined with 
a low or medium power, it has a granular appearance, and is usually of a brown 
oolour. Moreover, the gelatine rapidly liquefies, and emits a very foul and 
penetrating odour. 

The comma-bacillus of Koch, on the other hand, develops less rapidly. The 
colonies are never coloured brown, but of a tint ranging from light-yellow to 
rose-colour ; and the figure which they form, as already mentioned, is bounded 
with a ragged contour (see p. 175). 

Again, when cultivated by inoculation in the depth of nutrient substances, 
this bacillus develops in a very characteristic way ; for whilst the comma bacillus 
swarms in the funnel-shaped manner already described, the cultivation in this 
case assumes a saccular shape, somewhat comparable to that of a stocking. F. 
Hovcrl-a and Winlier * employ plover's egg-albumin as the food medium. This is 
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Fio. jL—FiHiUr-Prior Bacillus of Cholera nostras (pure cultivation ; eye-piece III., objective 
ZHu 1^, hoxnogeiieoiis imroersiou ; Abbt'» mirror ; open condonserX 

rapidly liquefied by the Finkler-Prior bacillus, while the comma bacillus is pro- 
pagated only along the track of the needle and does not decompose it. 

The pathological import of the FinUer-Prior bacillus is still a matter of dispute, 
but it is plainly of the utmost consequence to be able to distinguish this com- 
paratively harmless organism from the very fatal microbe of Asiatic cholera. 

Spirillum of Cheese. — Dentke ^ found a micro-organism in ripe cheese which 
bears a close resemblance to the comma-bacillus of KoeK But this, like the 
PinHer-Prior bacillus, can be distinguished by certain peculiarities in its life- 
history. The nutrient gelatine medium is rendered fluid sooner than by Koeh*9 
bacillus, but more slowly than by that of PinkUr and Prior. This micro- 
organism, moreover, will not develop in potato, while the other two will thrive 
upon this food. The crucial test, however, is the result of inoculation upon 
animals. Deneke's bacillus has no morbid influence on the intestine. 

3. Badllus of Typhoid Fever. — A characteristic parasite was dis- 
covered in 1880 by EbertJi*^ in the implicated viscera in typhoid. 
Similar observations were afterwards made by Klebs and Eppinger,*- 
and these have been confirmed by the researclies of R, Koeh^ Meyer, 
and FriedldndeTy and more recently by Oaffky and very many others.** 

M 
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Gaffky ilesfvibes tlu' fungus as consisting of roiifl, in length equal to 
one-thirtl tlio dinmeter of a red blood-corpuwle, ojid occasionally formiug 
threads of greuter length by the aggregation of geveml sogments. They 
ore about three limes as long u^ thcj are broad, and rounded otT at the 
extremities. Spores are sometimes to be seen within the rods. They 
stain best in a concentrated watery solution of methylene blue, and 
Uiffier'g process (p. 43) is the most approjuiiite to the piir[iose. They 
are not staineil by Gram's method. Friinkel and P/eiffer,*^ using 
Ldffler's process for staining flagella, have observed these processes on 
the bacilli of typhoid and of malignant cedema. 

Gaffky *'' has ascertained certjiin facts connected with the life-hislory 
of the typhoid-bacillus. It develops readily in a medinra of nutrient 
gelatine. In a prejmration of this kind the cultivatious make their 
appearance after the lapse of twenty-four hours. When examined with 
a medium "power of the microscope, they seem to Iw yellowish, and tliey 
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do not render the gelatine fluid. Kods and threads a|i]iear, and they 
are endowed with an evident and peculiar motion. The parasite 
develops on prepared potato. Tlie colonies can be distinguished with 
difBeuity by the naked eye. When cultivated in a medium of prepared 
potato at a temperature of 37° C, spores begin to form after three or 
four days. According to Birch-Hirschfeld,*'* soiitary and segmented 
spores are to be seen, the first in hanging-drop cultivations, and the 
latter when cultivated in an incubator. This observer recommends that 
the imtrient medium be stained with phloxin-red or benzo-puriiuriii, by 
means of which the spores are deeply coloured. There is much doubt 
as to the true character of these so-called spores (Bucitner, Pfuhl).*' 
The fungi are easily cultivated in hanging drops in sterilised broth. 

The bacillus occm-s also in the stools of typhoid patients ; but on 
account of the vast number of micro-organisms constantly to be fouml 
in the dejections, it is impossible to recognise it with the aid of the 
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microscope alone. Neither does it possess, like the bacillus of tubercle, 
any characteristic staining properties. For its complete recognition, 
therefore, we must resort to KocJi's niethods for obtaining pure cultiva- 
tions, and separate it from the faecal substances. Pfeiffer ** was the first 
to do this, and he made use of the nutrient agar-agar plate. A useful 
adjunct is the employment of a 0.25 per cent, solution of carl)ol-gelatine, 
after the manner of Chantemesse and Widal,^^ According to Holtz,^ 
however, this is impracticable, since he found that the development of 
the bacilli was suspended in presence of o. i per cent, of carbolic acid. 
The best medium is neutral potato-gelatine containing 0.05 per cent, of 
carbolic acid. For the recognition of this micro-organism, Holtz, follow- 
ing Grancher and Deschamps,^^ recommends weakly-acid bouillon or 
similarly-prepared milk stained by Noeggerath^s ^- process. Kitasaio ^^ 
relies upon the absence of the indol-reaction from such a* cultivation as 
evidence of the typhoid-bacillus.^ The researches of Babes and Cos- 
sedebat^^ have shown that the investigation is attended with much 
difficulty, since there are a great many distinct fungi which, when culti- 
vated, present ap])earances quite similar to those of the typhoid-bacillus. 

It is difficult to efFect the separate caltivation of typhoid-bacillos derived from 
the fseces in nutrient gelatine, because the discharges contain other micro- 
organisms (bay bacillus), which liquefy that medium before the colonies of 
typhoid-bacilli appear in it. 

When the micro-organism under discussion has been exi)eriment4illy 
communicated to animals, it causes them to manifest the symptoms of 
typhoid ; and the researches of E, FrdrUcel, M, SimmondSy and C, SeitZy^ 
seem to leiivt* no doubt as to its pathogenic character. Beumer and 
PeipeVy^' on the other hand, have come to a different conclusion. Beai*- 
ing in mind Briege^s discovery of animal alkaloids {ptomaines) as a 
product of bacillary life, it seems probable that such play an important 
part in connection with typhoid, and this may well explain the contro- 
verted results obtained in the experiments upon animals reported by 
Frdnkely Simmondsy and others. 

Finally, it may be noticed that many recent investigations tend to prove the 
possibility of typhoid-bacilli being disseminated by means of drinking-water and 
by milk." 

4. Bacillus of Tubercle. — Lichtheim^^ and other observers have 
found tubercle-bacillus in the stools in cases of tubercular idceration 
of the intestine. For its recognition there, the methods are employed 
which have already been described in connection with the sputum 
(vide p. 104). 

The detection of this bacillus in the fseces invariably implies the 
existence of tubercle, but not necessarily tubercle of the intestines, since 
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it may be derived from sputa which have been swnlloweJ, Still, in 
caBes where it has been repeatedly found in the stoule, and where it 
occiire in great profusion, so as to resemble pure cultivations (vide fig. 108), 
and especially where the other symptoms of tubercidar ulceration of the 
intestine (purulent dischargeB, Ac.) are present, the diagnosis is estal)- 
lished on the firmest haws. 

B. ANIMAL PARASITES. 

1, Protozoa. — Adopting the dnsttifii'ation of Leiic/.-art,"^ thesi' in- 
clude Rhizo]io<la, Sporozoa, and Infusoriii. 

1. Bbizopoda. 

(a.) Uonadinea. — NoVmugel^'^ found tlieae organisms i-opeatodly in 
the stools of consumptive and typhoid |>atient«, and of ]K;rson8 suffering 




from heaTtrdiscasc. They were always dead unleaa the stools were 
examined directly uixin being i)a8sed, and then appeared as more or 
less circular bodies of various sizes (fig. 73, /). 

The still living monadines are [)ear-shaped, and uauidly possess a 
long pointed process, which moves about rapidly (fig. 73, e). According 
to Nothnagel, they have no pathologi&d significance. Grassi '* found 
similar bodies in the stools uf a patient suffering from entero-colitis. 
iJodies altogether resembling these, but not as yet identified with them, 
occur ill the discharges of infanta and children (see v. Jahvck).^ 

(li.) Amoeba coIL— ZiwcA" has descrilicd certain cellular bodies of 
large size which he fuund in the fteces in a case of int«stinal ulcer of a 
quasi-tubercular character. These bodies were contractile, and some of 
them, of circular form, had a diameter of 10-35 /*. They consisted of 
hyaline and coarsely granular protoplasm, with a round nucleus and 
hynline vesicle, but no distinct cell-wall (fig. 73, c). 
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Similar organisms have been found in the intestine by Lambly^ and 
Kartults, MasHuitin^ Osier, and Dock ^ have seen amceba-like organisms 
in the stools of patients suffering from dysentery and chronic enteritis. 

2. Sporozoa. — Again reverting to Leuckart's classification, the sporozoa 
which chiefly concern us here are the oval psorospermia, the group t<> 
which belong the coccidia which infest the intestinal tract of man 
(Dressier, Gublei', Kjellherg, Eimer)^' and the liYex^Podwyssoki),^ 
They appear in the faeces as elliptical forms, 0.022 mm. long, furnished 
with a thin membrane, and enclosing within their substance a number 
of granidar nuclei, arranged for the most part in groups. They are to 
be found in great numbers. Their favourite seat is the intestinal mucous 
membrane, where they burrow, doing much damage to its structure. 
For this reason Leuckart appropriately names the parasite Coceidium 
I)erforans. 

3. InftiBoria. — 1. Cercomonas intestinalis. — This ])rotozoon was first 




Fig. 74.'— Cercoiuouadd from the Stoolis. 

(/. Mtigastoma eutericum (Gi-aui). 

b, 6'. Encysted forms of Oercomonas inte«tiualU. 

c. Cereomonas intestinalis after \oh» of its tentacles (iMinbl). 



found by Lambl^'^ in the jelly-like mucous discharges of cliildi-en, and 
it was afterwards ol>served by Davaine, Marchand, and ZunkerJ^ It is 
of piriform shape, clearly nucleated, and furnished with eight tentacles 
of varying length (see fig. 74, a). Davaine discovered it in choleru, 
Marchand in typhoid, and Zunker in nine cases of diarrha?a. It would 
appear from these facts that the Cereomonas intestinalis is apt to thrive 
in a gut which is already diseased, and when })resent tends to cause 
severe diarrhoea. The observations of Zunker especially strengthen this 
conclusion. According to Grassi and Schewiakoff"*^ the parasite (^ause.s 
ansemia and diarrhoea in human beings, and by the changes wliich it 
effects in the mucous membrane interferes with absoq)tion from the 
intestine. The Cereomonas was observed by Miiiler'*'' in the jejunum 
of a healthy man. 

The Megastoma enteiicam, lately descril)e<l by Gixissi, is almost cer- 
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tainly identical with Lanibl's CerconionasJ^ Perrotieito "^ has observed 
the encysted forms of the ])arasite in the intestine (fig. 74, h) — observa- 
tions confirmed by the author in the case of children.^* 

Other Cercomonads have been seon in the same situation (Davaine), 
(see fig. 73, h), 

2. Trichomonas intestinalis. — This is a i)ear-shaped oi-ganism, some- 
what larger than Cercomonas intestinalis, and distinguished from it by 
l)earing a ciliated disc at one extremity (fig. 73, a). It has l)een obtained 
from the intestine by Marchaiui and ZunkerJ*^ 

3. ParamsBciam coli {Bcdantidium coli), — An entozoon first found 
by Mcdnisfen "^ in the discharges of diarrhcBa, and afterwards observed 
by Sfieday Graziwlm, Ferroncito, and K. OrtmannJ^ It is oval, 0.1 
mm. long, and covered with cilia, which are planted more thickly around 
the buccal (1) orifice. The anterior extremity is smaller than the posterior, 
and the oi)ening (anal) in this situation is but sparingly provided with 
ciha. The alxlominal surface is less arched than the dorsaL Internally 
it is furnished with a nucleus and two contractile vesicles, and frequently 
contains amylum particles and fatty granules. Its presence appears to 
})e associated with diarrhoea, but it has no other clinical significance. 

In addition to the varieties mentioned liere, other infusoria are occa- 
sionally ])re8ent in the intestine (V. Jaksch)J^ 

2. Vermes. — The investigation of the faece^s for intestinal worms 
has become of late years a matter of special intei-est to physicians, 
because experience daily teaches us that, even in temi)erate climates, 
the alimentary canal is aipt to l)e beset with certain parasites of this 
<:la8s, which must be reckoned amongst the most formidable pests of 
mankind ; and it often happens that an accurate diagnosis of their 
nature can alone enable the physician to adopt intelligent methods for 
their removal, and so, it may be, to save his patient's lift*. 

Class I. — Platodes. 

(a.) Gestodes. — The following taj^eworms concern uh hero : - 

1. Taenia Siigmata (mediocanellata). 

2. Taenia solium. 

3. Taenia nana. 

4. Taenia flavopunctiiUi. 

5. Taenia cucumerina (ellipti(ja). 

6. Bothriocephalus latus. 

1. Tsenia saginata {mediocandlata).^ — This parasite is longer than 
the Taenia solium, attaining to four or five metres, and its segments 
are also longer. The head is surrounded with four large and usually 
black-pigmented suckers, but is not i)rovided with a rostellum, and is 
without a circle of booklets. The segments increase in length more 
gradually than in Taenia solium, and are commonly jngmented. 
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Thf iilPiu i^ \Lry mudi bminlicd iiid the K^iutiil jrii. is KitiiaU-il 
at the aide of the proglottis Th egge resemble those of Tieuia aolium, 
but are more obloiig and exhibit the jiriiuonhal \olk membrane. 
Hookiets nn nntdi eerniUt in thi emlrvoffif, 75) 




hgt (Ralab lioyspiiHe III (ib]4cUv« IV.) 



2. Tauia aolium^' — Thi. Teenia «ohiiiii ma\ measure upwtirds of 
two or three mttrca Its head is quadrilateral nbuut aa large as a 
pin's-bcad (^ to 1, j of an iiii li) and dark m colour This is succeeded 
hy a delicate thread like neck about an inch in length and unjointed. 
The segmints, or proglottides, wliuh f nn the rest of the Wly, are 




• 



Via. ;t.— TienU Hillaiii. Bod (owsnianl), 



rd K^g {tiu^Qo^). 



short and relatively broad near l)iu iiuck ; but lui they increase in aiie 
this relation ceases, and still growing iu both dimensions, their quadri- 
lateral form becomes evident about three feet from the UaacL Their 
itvt^rage length is from 9 to 10 mm., and their breadth 6 or 7 mm. 

Under tlie microscope the hoail is seen to prusent four prominent 
suctorial discs, usually jtigmented, and liclwcen them a rounded elevation 
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or rostelluiu, wliicli is suiToiinded with about tweiity-six Imoklets of 
different size^. 

The sexual npj)aratus first becoinea visible a1>uut ti foot from the head 
(Bi-ietoKe). Tlie uterus is but little brauched, and tho gPiiital pores are 
sitimtctl Bomewliat boliiml the middle of each segment. 

The eggs are oval in sliape, about 0.03 nim. in diameter and 0.036 
mm, long, and surrounded witli a tliick shell, which is radially striated, 
'When the eggs are mature, they may lie seen to contain embryos fur- 
nished with booklets (iig. 76). 

3. Tenia nana.^^ — This paraHite averages from 10 to 15 mm. in 
length, and its greatest breadth is about 0.5 mm. It has a globular 
head 0.3 mm. in diameter, furnished witli font circular suckers, and a 
rostellum 0.06 mm. long, carrying twenty-two to twenty-four hooklets 
at its anterior extremity, which is rounded off. Tlie^ rostellum can be 
protruded to a eoui*idemble distance from the head or entindy withdrawn 




within it. In the latter position it has the form of tin hour-glass. The 
body is attenuated in its anterior third, but proceeding backwards grows 
quickly in bulk. The segments are short, and towanls tJie end of the 
body are scarcely one-fonrth so long as they are broad. The uterus is 
oblong and loaded with eggs of 0.03 to 0,04 mni. in diameter. Tlie 
shell does not exhibit the rod-like stnietin-e, but consists of a double 
membrane, within which are a spiral tliR'ail and amuqjhoua matter, in 
which granules are embedded. In the interior of the egg may l>e seen 
the embryo, already provided with five or si.x Iiooklets (fig. 77). The 
parasite may be present in great numbers in the intestine, and is apt to 
produce severe nervous symptoms, such as epileptic seizures, inseusi- 
bility and mental derangement, and melancholia (Grassi, Cmnini).^ 

Recent observations go to prove that the Tsenia nana is very widely 
distributed. It csi>ecially attacks children and youi^ persons. It was 
first discovered by Bilharz in Egjpt, and since then has lieen recognised 
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as of common occiirrcuco in Italy aud Sicily.** It ia probable tliat it 
exists elsewbere more frequently than is aupposeil. Haiuon has pub- 
IiBhed an account which goes to prove that it was observed in Englnml 
so long ago as 1856.^ According to Grossi, Trania nana is in Sicily the 
commonest parasite. The number present in a single individual may 
reach 4000-5000. 

4. Tnnla llaTOpimetata.— This bears a close resemblance to Tnnia nana, but it 
is of greater length (12 to 20 mm.), has no rostellnm, and only two snckerx The 
eggs are like those of Tscnia solium {Parana), and lai^er than those of TEOia 
nana. The occunence of the parasite in man rests upon the testimony of Lady 
and Parona,"' but is dispnted by others ; and (7raut " identifies it with TKoia 
leptocephala, which has hitherto been found only in certain species of mice and 
rats {Mat dfctananua and Mut ratlKt). 

5. Tnnia cncnmnrUu (eUiptiea). — This is a worm which average.^ 
18-1$ cm. in Icujtth. The head is situated tit the thinner end, and has 
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some sixty hooklets irregularly disposed around the rostcUum, whieh is 
a coarse club-Iikc process when projected. The first forty pit^lottidea 
are of small size, but increasing as they proceed backwards both iu length 
and breadth, and especially in the former dimension, measure at the 
extremity 6 to 8 mm. by 2 mm. in breadth. The mature segments are 
of a reddish colour, and readily separate from those nearer to the head. 
The eggs, when shed, have a diameter of 0.05 mm., and contain an 
embyro furnished with liooklcto. 

The jmrasito is not at all rare amongst human beings ; ** it csj)e<^ially 
infests children, and ia acqiiired by them from dogs. 

It is sofScicnt merely to mention here the rarer forms of tape-worm known to 
be present in the human intestine. These are Tnaia madagascariensis (Orvnct)** 
and TKnia leptocephala (Oraui), which possil'l; is the same as Tsnia nana.*" 
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6. Bothrioceplialus latuB.^^— This worm attains a length of 5-8 
metres. The head is ovoid, and 2 mm. long })y i mm. broad. It is 
cleft, and provided with two lateral suckers, placed on either side of the 
middle line. It has no booklets. The proglottides are at first short 
and small. They increase in breadth as tliey proceed, and towards the 
end of the parasite approach the square form. 

The uterus of mature proglottides containing eggs exliibits a reti- 
fonn arrangement, and api)ears superficially as a small rosette. This 
uterine rosette is characteristic of Bothriocephalus latus. 

The eggs are oval, and measure 0.07 mm. by 0.045 *"^^- They are 
covei^ed with a bro\^Ti shell, and open by a small lid at one end. They 
contain centrally transparent masses of protoplasm of uniform size. 
Dothriocephalus latus has recently acquired an increased clinical signi- 
ficance, inasmuch as it has been found frequently by different observers 

in cx)njunction with the symptoms of pernicious anaemia.^*- 

• 
Other varieties of this ]^)arasite have been observed, as the B. cordatus in 
Greenland,** and the B. liguloides in Japan and China. The latter infests the 
sub-peritoneal tissue, and especially that of the lumbar region in man.** . 

The presence of one of the tape-worms here described is made evident 
— ajmrt from clinical symptoms, which do not concern us here — by the 
<liscovery of ])roglottides in the stools. 




r 




Yio. 70.— Head of BothriocopbaliiH lutiis (cyc-i>ieco III., objective IV., Rtickti't), 
a. Seen on edge ; b. Seen on the flat ; <*. Proglottides ; </. Eggn. 

A careful microscopical examination with a meilium ix)wer ^Hart- 
nack objective IV., Zeiss objective C, Reichert objective IV.) may 
show the eggs in the faeces. \Mien it is supposed that a patient is 
suffering from tape-wonn, wliilst yet no evidence of the pamsite can 
be derived from a careful insj^ection of the stools, it is well to mix 
these with water, which is constantly ])oured off and renewed until the 
greater jwirt of the faecal mass has been dissolved. An examination of 
the sediment will then inequitably reveal the eggs, if the suspicion be 
well founded. To determine to what form of tape-worm a particular 
proglottis belongs, the best proceeding is to examine the specimen, 
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mounted in glycerine, with a low ini^jnifying |»wer : and tJie same 
thing niay be done if a head be obtained, ** 

Cjsts of cchinococcns aad booklets may be found id the fieces when a hydatid 
cyst baa buret into the intestine. HtUer" waa able by the dUcotery of sacb a 
cyst to diagnose a doubtful lirer complaint a« one of hydatids. 

(6.) Trematodes.^ — The taneties of dietomata, 1). hepattcmu and D. 
lonceolatum, liave tieen found m rare instances in the intestine or 
Tiiliniy passages of man. 

1. Dlstoma hepaticam. — Tliis is a leaf shaped worm, measuring 
38 mm. b; 13 mm The head is aliort, ond furnished \vith a sucker. 
There is another sucker n the ventral aspect, and }>etween the two tho 
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genital pore is situate 1 Tlie htt«r In I« ti j ili'ius, whirli is convo- 
luted like a iHtll of wx>l 

The eggs are o\tt 013 mm long nil 008 imn. bniad, brown in 
colour, and covered with n slicU consisting of two layers; nne end is 
hroader than the other and opens 1)y a small lid Itifnner, Bodroem, 
and Baeh,^ have describe 1 these jiarasitis as occuiTin<,' in human beinfp. 

2. Distoma lancet^tsm. — This entuzoon is from 8 to 9 mm. long 
and 2-3-5 ii""- hroad It is lance ahajwd a^ its name implies, and 
pointed at either extremity 1 ut more so ni fn iit than Iiehiiid, In 
other respects its fonu resembles that of Distoma liepaticum. 

The egjp are o 04 mm 1 >ng in 1 o 03 ram broad, imd they contain 
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the mature embryo. Bizznuro "^ maintains that when the worm \u 
present in the intestine, its eggs are to be found in the atoola. The 
observntions of Btielz,'*" corroborate this view. Penoncito ^"^ found the 
eggs of this fluke in the case of persons infested by anchylostoma. 

The last two forms of parasites but rarely occur in man, and con- 
sequently neither they uor their ovn are oft«n to Ijc seen in the ftsces. 
Jloreover, they very seldom cause serious symptoms. 



—This di»toii]a was described b; Rathonii, who observed 

the first specimen in a Chinese womaii, thirtj-seven i^ears of age. The host 

- sollered from severe pains, referred to the iiver. Tbe parasite resembles D. hepa- 

ticnm, but is larger (15 mm.) ; the ramfHcations of the alimentary canal are less 

complex, especially toitards the bmder end. 
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CLASS II.— AHN£LID£a 

I, Order Nematode* {Hound Wonnii). 

It. Famili/ Ascarides.^"'-' 

1, Ascaris InmbricoideB (eonmiou roiuid wonu).^Thia is a cylindrical 
wonn, of some size, witli a body tliat tapers from before biickwards. 
The male is 250 mm. and the female 400 nnn. long. The head, which 
is distinct from tbe body, consists of three conical prominences (lips) 
fumishe<l with tactile papillcc and minute teeth. The caudal process of 
the male is folded hook-like on the abdominal surface, and is provided 
with |mpillte. In the female, the vulva lies deeply behind the anterior 
third of the body. The eggs are nearly round, and brownish yellow in 
colour. Their diameter is 0.06-0.07 mm. In the fresh state they are 
covered externally with an albuminous layer, and beneath this is a tough 
shell, which in turn encloses the very granular contenta. 

The Ascaris lumbricoides infests the small intestine in man, and it 
appears to be common to all climates. It occui's also in cattle and in 
sheeii. It has no sjiecial medical interest; but it is thought by Lutz^'** 
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to cause spasm and tympanitis, and to impede nutrition in children. 
Karhdis ^^^ records a case of death in a man following directly upon an 
invasion of the liver by ascarides. Severe nervous symptoms also, as 




Fig. 8a.— ABcaris lumbriooidea. a. The Wonn ; b. Head ; c Egg. 
a, half natural size ; h, slightly magnified ; c (eye>piece I., otdective 8a, Rtichtri). 

amaurosis, strabismus, and evidence of meningitis, ^^ have been found 
to accompany their presence in great abundance. They have caused 
death by invading the liver.'^ 






FiQ. 83.— Ascaris inystax. 
a. Male ; b. Female ; c. Head ; d. Egg. 



2. Ascaris mystax (round worm of the cat). — This worm closely 
resembles the preceding, but is smaller, and is readily distinguished 
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from it by the shai)e of its head, which is pointed, and b«ai« tvo lateral 
wing-shaped processes. The mole is 45-60 mm. long, and the female 
IIO-I20 mm. The c^k are globuhir, lai^er than those of A. him- 
bricoides, and covered with a dimpled shell (fig. 83). 

3. OzynilB Tonnicnlaxis (common thread-wonii or teat-worm). — The 
female is 10 mm. in length, and exhibits two fully-developed uteri, 
which extend symmetrically backwards from the vaginal orifice. The 
male is rather less than half the length of the female, and its tail is 
provided with six pairs of papillie. The head of both sexes is similar. 
It displays a remarkable cuticular enlargement mid small prominent 
lips. 

The eggs arc irregrilarly oval, and measure jj^ (0-05 mm.) by ty^js 
(0.03-0.05 nnu-) inch. The shell is membranous, and consists of two 




or three laminie. Its uonteute are coarsely granular. The eggs often 
contain an embryo with an indistinct alimentary canal and a toil equal 
to half the entire length. The presence of the parasite is attended with 
uncomfortable sensations, among which itching in the situation of the 
anus is prominent"* 

p. Familij Stronffijlides {Leuekari).^"^ — To this family belongs one of 
the most important and formidable of the parasites which infest the 
human intestine. This is — 

AnchylOBtoma dtuideiiale (Dochmius duodenalis, Strongylus duo- 
denalie).— It was formerly believed that this worm occurred only in 
the tropics and in certain districts of Italy. "° Of late years, numerous 
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observatioiia 111 Italy {Perroneilo and others '"), Gemiaiiy, Switzerland 
{Menthe and others "*), and Belgium ''' have made it clear, together with 
the older reaearclips,"* that the inhabitants nf temperate regions are not 
free from its attacks."* 

The Anchylostoraa is cylindrical in form. The male measures 8 to 
la mm. in Ictigth, tJie female 10 to 18 mm. Tlie anterior extremity 
is pointed, and reflected towards the dui^ surface. The oral oriiici' 
is armed ivith four claw-like teeth. The caudal extremity of the male* 
expands into a [touch with three flaps ; that of the fenmic is i)ointed 
and conical ; the vulva is situated behind the middle thini of the body. 

The eggs are smooth aud oval, measure 0.03 to 0.06 mm., and usually 
contain two or three lai^ dauffhter cells. The embryos develop rapidly 



h a 




outside the human body. In stools which contain egf{s, the embryo 
may be seen and observed after the lapse of twenty-four to forty-eight 

Except when anthelmintics have been administered, the eggs are the 
only signs of the parasite to be found in the discharges, and it is con- 
sequently of the utmost importance to be familiar with their appearance. 
The accompanying figure shows this at various stages of their develoi>- 
ment (fig. 85, f)* 

The presence of Anchylostoma is to be suspected in all cases where 
a severe form of aneemia occurs in labourers (and especially in brick- 
buniers, miners, and tunnel-borers), without any obvious and suflicient 

* [An inatructive cue of thU d)«eMe i> reported in tb« Lanttt, Febrtur; I, tSga] 
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cause. It is, liowever, aecessary to bear in iniud tliat Bothriocephalus 
latus producer sioiilfir symptoms (p. 186). Examination of tlie stools 
wlU then afford the means of diagnosis. If the intestinea contain 
Anchylostoma, the characteristic eggs with their large blastomerea will 
be seen. If any uncertainty as to their nature should persist, the ftecal 
substances containing them should be allowed to remain for some days 
in a warm place, and again examined microscopically. The process of 
segmentation of the egg will then be seen to have advanced, and fully 
developed embryos will be visible here and there. The administration 
of anthelmintics, and especially of the lethereal extract of nude-fern, 
will cause the expulsion of the mature worm, and an inspection of the 
resulting discharges cannot fail to establish the diagnosis. 

The character of the stools in this affection varies greatly, diarrhoea 
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is usually present, and blood is frequently passed. But it may happen 
that the discharges are altogether normal. They have been known to con- 
tain great quantities of Charcot-Leyden crystals {^Letchteneteift, sec an/e). 
[In the report of the Ceylon Commission, 1887,"^ anchylostomiaais 
was stated to be a cause of beri-beri. The association is probably 
accidental (Sotwimo).]"' 

y. Family Tridiotraehdides {Leuekart)}^* 

1. Trichocephalns dispar (whip-worm). ^This worm has a whiivlike 
form, consisting of a short, stout hinder-part, and a long, spiral, filiform 
process anteriorly. The male is 40 mm., and the female 50 mm. long. 
The short hinder part measures 1 mm. in thickness (fig, 86, a, b). 
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The eggs, whitli are ocoisionnlly to be foinid in the fwces, are brown 
in colour, 0.05-0.06 mm. long and o.os mm. broad. The shell consists 
of two layers and is flattened at either end, where it is furnished with 
a small lid, formed of a glossy subatance. Tlie yolk is very granular 
(fig. 86, c). According to .&»»"• and others, this parasit*, tc^ther 
with Ancbylostoma and an insect-larva, producea the beri-beri disease 
which is endemic in Sumatra. This view ifi, however, opposed by other 
writers (Seheube, Seheffer). 

2. Trichina spinliB.""— Trichina occurs iu two different forms in 
the human Ixxiy, according as its habitat is the muscular tissue or the 
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inteittine. It is with the trichina of the intestine that we have to do 
here, since this form alone is found, though rarely, in the fteccs. The 
male is 1.5 mm. in length, and the female 3 mm. The furmer has four 
prominent jtapille situated ])etween the i-ouical protuberances at the 
extremity. Thf sexual organs of the female consist of a tubular ovary, 
which is placed at the hinder part of the body, and a tubular utenia, 
witli which the ovar>- communicates in front (fig. 87). Impregnation 
takes place in the intestine. The eggs develop inti:! embryos while still 
within the uterus, and the newly-I)oni parasite almost immc<liately jmt- 
forstes the gut, and becomes imbedded in the muscles of its host. 

K 
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Of their own accord these wornia rarely pass with the stooU. But 
iu any case where there is reason to believe that trichinouB meat has 
lieen eaten and trichinosis is apprehended, an anthelmintic maybe given, 
and the detection of intestinal trichina in the fasces will eBtabliah the 
diagnosis in a very early stage of the affection. 

i. Shabdonema Strontft/loidea (ieuc^'art).— Certain nematode worms 
have been discovered in the stools in cases of Cochin-China diarrhoea 
{IfornianJi, Bavay, Sei/ert).^^^ They occur commonly in conjunction 
with Anchylostoma {Orcuei, Parrona, Perroncito).^-^ It was formerly 
thought that there were two distinct parasites of this kind, viz., Anguil- 
Iida intestinalis and Anguillula stercoralis; but more recent observa- 
tions by Leuckart and Oram^-^ have shown that the Iatt«r is only nn 
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intermedial* form in the development of A. intestinalis, A comjdete 
knowledge of the subject, however, implies an acquaintance with this 
form, as it may be confounded with other HelminthidiP. The life- 
history, according to Oraaai, is as follows :— 

The Anguillula which infests the human intestine dei)osit8 eggs, from 
which the young are jiroduced as embryos or liirvff. These are dis- 
charged with the stools. As found there, they already exhibit sexual 
maturity (Anguillula stercoralis) and produce embryos, which undergo 
no further change in the human system. The body of this worm is 
round, and shows faint traces of transverse striation. Tlie head is in 
tjie form of a blunted cone (tig. 88) and sessile upon the body. It is 
furnished with two lateral jaws, each bearing a pair of teeth. The 
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male is 0.88 and Uie female 1.22 mm. long. Anguillula intestinalis 
measures 2.25 mm. in length and 0.04 mm. in thickness at its middle. 
It has ji triangular moutli closed by three small lips. The vulva lies 
at the junction of the middle with the posterior third. Its habitat is 
the small intestine. The eggs resemble those of Anchylostoma duode- 
nale, but are longer, more elliptical, and pointed at the poles. In recent 
stools the larvap alone are to l)e seen. It is doubtful whether the para- 
site is directly mischievous ; but its constant association with Anchylos- 
toma, and the readiness with which the two may be confounded, render 
its recognition a matter of consequence. 

3. Insects. — It requires to be noticed that insect larvae infest the 
stools. Joseph ^-'* has reported a number of species, which are for the 
most part tiiken into the intestine with food (cheese, meat), and give 
rise to a variety of morbid symptoms, as colicky pains, vomiting, &c. 
(see p. 158). Special mention may be made of the immature cheese- 
maggot (Piophila casei) and Drosophila melanogastra, which are derived 
from curdled milk, and may attain the chrysalis form in the intestine 
before they are discharged i)er rectum. Of other species are the larvsB 
of tliree varieties of Homalomyia, of Hydrothsea meteorica, Cyrtoneura 
stabulans, Calliphora erythrocephala, Pollenia rudis, Lucilia (taesar and 
regina, Sarcophaga haemorrhoidalis and hsematodes, and Eristalis arbus- 
torum, all of which are apt to occur. Remhold, Lampa^ and Kohn ^-^ 
have also observed in the stools certain lancet-sha|)ed Ixnlies, 8 mm. 
long, which are covered with hair and indente*! on the surface, and 
these have l)een identified by V, Graff as the larvae of Anthomyiao. 
[Finlayson ^'^ n»cords a case in which swarms of larvae were passed alive 
from the bowel of a man. He identified the insect as Anthomyia 
iranicularis or scalaris,] 

4. GBT8TALS. — Crystalline Ixnlies are a common constituent of the 
faeces, and in some cases are to be found in grent quantities. They may 
l)e organic or inorganic. 

1. Charcot-Leyden Crystals. — These bodies^ of which an adequate 
<lescription has already been given in connection with the Blood (p. 30) 
and the Sputum (p. no and fig. 62), are comj^aratively rarely to be seen 
in the faeces. Nothnagel has met with them in typhoid fever, and 
LeicJitenstern ^-" in phthisis and anchylostomiasis. Their ])res4»nce, how- 
ever, has no ])athological significance. 

2. HflBmatoidin Orystals. — It is surprising that so little attention has 
^Minn imid to this subject Uffelmann^^^ indeed, remarks that crysUds 
uf haematoidin are sometimes present in the discharges of infants at 
the breast ; but a]>art from t])i8 notice the matter has been passed by in 
silence. The author has found these crystals often enough in the faeces, 
<?s[)ecially in clironic int<»stinal cataiTh from over-eating, and in many 
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instaiiees hi whk-h blood had been dischnrged into the inteHtinc some 
time (several days) before the stools were jjassed. Tliey usually exhibit 
an ill-marked crystalline structure. Particularly good siwcimena were 
seen in tlie stools of !i iintient Buffering from neiihritis. The ciystals 
are Bometimes fr<'p, nnit sometimes encloseil in masses of a shinin;; 




siibstani'p which resembles mut-in (fig. 89). Similar crystals were fount! 
ill the liquid motions of a mini who suffered from [lernicious anemia 
(v. Jaksch). 

3, Cbolesterin. — This substance enters normally into tlie eoiistitiitiou 
of the f»ces, and can always be obtnineil from thcin. 

It seldom ai^jH-ara in its crystftllinc form (fig. 135), iieconling to Noth- 
nage), and tlie statement is undoubtedly correct, (For the microscopical 
and <^llcmical character of cholesterin, vide infra and chapters on Spittuw 
and C/rine.) 

4. Fat CrystalB. — Not/ntaijfl, in his well-known monograph,^'' stiites 
that fatty substances occur in the fiecea in the fonn of needles. 




OerhariH '^ found quite an enormous quantity of organic crystals in tlie 
stools of jaundice (fig. 90), He ivas himself of opinion that such bodies 
consisteil of tyrosin ; but one of his [mpils, namal Ojrfer/ei'n,''* who 
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pursued the investigation farther under GerliardVs auspices, came to the 
conclusion that chemically^ they were lime and magnesia salts of the 
higher fatty acids, and that, therefore, soaps of lime and magnesia bases 
form a part of such discharges. According to Staddinanftj^^' they are 
S(xlium soaps. The author, however, can add his own testimony to 
Gerhardt's statement, for he has repeatedly seen great quantities of 
crystals arranged in clusters in acholic stools ; and is disposed, on the 
grounds of separate investigation, and especially of the ascertained 
character of similar bodies occurring in other excretions (see chapter on 
Urine), to believe that such crystals do not consist of tyrosin, but rather 
of a combination of the alkaline earths with the higher fatty acids. 

UfehnafiHy^^ who had already observed these crystals in the dis(!harge8 
of infante, arrived independently at the conclusion that they could not 
consist of tyrosin. According to Fr. Mtiller,^^ their presence indicates 
an impediment to the absorption of fat from the intestines. 

In cases of jaundice, so frequent among children, such crysUils are 
profusely present in the stools, and they are nonnally found in those 
of infants during lactation (i\ Jaksch), 

5. Oxalate and other Organic Salts of Lime. — Oxalati^ of lime is a 
sufficiently common constituent of the faeces, and ap[>ears on micro- 
scopical examination (see fig. 112). According to Nothnagely it is always 
derived from the food. It is most abundant after a vegetable diet, and 
when manifested in considerable quantity the discharges also contain 
abundant debris of plant-tissues. 

Uffelmann^'^ asserts that crystals of lactate of lime occur in the 
discharges of children as sheaves of radiating needles. Other orgjmic 
salts of lime, a.s the acetic antl butyric acid sidts, have l>een observed in 
the discharges of jH»rsons suffering from acute gastric and intestinal 
latarrh {v. Jaksch)}'^ 

6. Carbonate of Lime (x^curs rarely in the st4N>ls as amorphous |)ar- 
ti<-les and dumb-l^ell figures (fig. 124). 

7. Sulphate of Oalciom. — This salt is very seldom present in the 
stools. It can be obtained, however, by tht* action of siUphuric acid 
on the fsBces, which shows that other lime salts are i)resent. Its fonn 
presents the same variety here as in the urine (fig. 116). 

8. Phosphate of Lime. — Tliis sul>stance crystallises in stout or elon- 
gated wedges, grouped together so as U) form larger or smaller gland- 
like mi\sses (fig. 115). The presence of such crystals in tlie faeces is witliout 
IMithological significance. 

Other salts of lime are (X'casionally met with. They are impregnated 
with bile-colouring matters, iuid deeply stained a yellow colour. 

9. Triple Phosphate. — The phos))]iate of ammonia and magnesia 
occurs sometimes lus well-fonned coflfin-lid crystals (fig. 66, A*), some- 
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tiiiii's ill ill-<lehiiiil (.ijstallmc iiifuseH aiiil \ery ran If iii tin eldev-lenf 
nmiiigement (fif, izi) 

Perfect cryatal"* nie mist Lonimoniy to Ik found in fluid luotioiiis, 
nnd in the mucus iihicli iidhcres sometunee to the fieces wliether liquiil 
or solid. Fragments of cnfhu hd i-rjatah alone may bt Msible, and 
tlieae oftoii e\hi1iit hfwurcs and Sawn or there miij onlj be mere 
splinters (Nvilinagel) It is notable tliat tliese crj^tnl seldom take 
up bile pigment By their chemical constitution they ninj Iw readily 
recognised; and theydissohe ensilj as lias )<een iilretdf mentioned, in 
acetic acid (j 113) 

10. Sulphide of BiBmnth CryBtala— -When preitantioii^ of bismiitli 
have Ijeeu taken iiiteinall\ tlie itooU may be found to contaui crj-stals 
which bear a. remarkihle resemblance to those of chloride of hsmatin 




fio. 9t— SiilphldcofmBmuthCrj-i 



(hjemin). They consist of sulphide of biaiiiuHi, as may readily be shown 
by a comparison with the bodies formed when nitrate of bismuth is 
added to ammonium sulphide. 

in. OHEHICAL EXAMINATION OF THE FiEOES.— In sinking 

contrast with the viilimble information to be derived from the iinked-eye 
nnd microscopic investigation of tlie faces is the very slight assistance 
which the chemical examination of those disclmrges lends to the pui'jxises 
of diagnosis. 

A. Orgranic Substances. 

1. Mucin.- -Mucin, as Hoppe-Seiflfr^^' lias sn\<\, may be looked njMin 
as the basis of the fiecal substances, 11 statement which can be confirmed 
by the author, Fr. MMer, on the other hand, asserts that mucin is 
not so abundantly present in the stools. For the detection of mnrin 
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in the stools the following process may be recommended : — The faeces 
are stirred up with water, their own bulk of lime-water addeil, and the 
mixture allowed to stand for some hours. It is then filtered, and the 
filtrate tested with acetic acid for mucin (see chapter on Urine). 

2. Albumin. — Tlie presence of albumin may be shown as follows : — 
The faeces are mixe<l with a large quantity of water, to which a trace 
c»f acetic acid has been added, and a watery extract is thus made. This 
is repeatedly filtered, and the filtrate may be submitted to the tests for 
albumin mentioned in the chapter on Unne {q, v,). Under ordinary 
circumstances no proteid reactions can be obtained, but albumin occurs 
in considerable quantity in the stools of typhoid and diarrhoea. In one 
instance, much serum-albumin was found in the discharges of a chlorotic 
woman, who passed pale stools almost devoid of bile ; and once again in 
tlie case of a ^mtient whose stools were deficient in bile, but who was 
not jaundiced (v. Jaksch). 

3. Peptone. — For the detection of peptone, the faeces should be 
mixetl with water so as to form a thin pulpy fluid, then boiled, and 
filtered while still hot. The filtrate will l)e clear or slightly tinged with 
red. AMien it has cooled, it may be tested for albumin with acetic 
acid and ferrocyanide of potassium. It usually happens that the liquid 
l)ecomes a little turbid when the acetic acid is added (mucin), but the 
turbidity does not extend on the addition of ferrocyanide of potassium. 
When this is so, the mucin may be precipitated with acetate of lead, 
the filtrate tested in the manner afterwards to be described (chapter on 
Unne) with phosphotungstic acid, and the fluid which finally remains 
may be submitted to the biuret test. Should it happen that the fluid 
after boiling contains albumin as shown by the acetic acid and ferro- 
cyanide of potassium test, this substance must l)e removed by combina- 
tion with ferric acetate (see chapter on Unne), and the remainder of the 
process conducted as al)Ove. 

The author has never found peptone in healthy faeces, but has met 
with it repeatedly in disease. He has collected the reconls of some fiftj* 
i)r sixty cases l>earing upon this matter, and the results which were 
obtained depend upon seventy or eighty sejiarate analyses. 

Out of seven cases of typhoid, peptone occurred in the liquid stools 
in large quantities in five. Its presence remained doubtful in one, and 
it was al)sent from the discharges of the seventh- 
It was i)resent in all cases where the stools contained pus, as in dys- 
I'Utery (two cases), tubercular ulceration of the intestine (three cases), 
and suppurative peritonitis discharging pus into the intestine (one case). 
In heimtic affections, the character of the faeces in this respect was 
very inconstiuit. In a series of cases of catarrhal jaundice with more 
or less acholic stools, no i)eptone was to l»e found ; whilst, on the other 
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hand, the thin non-purulent discharges from a patient with syphilitic 
inflammation of the liver exhibited it in considerable quantity. It 
occurred plentifully in certain cases of atrophic cirrhosis and of car- 
cinoma of the liver. 

Acholic stools without jaundice were generally rich in jjeptone, but 
the results of analysis in these cases show much variety (v. supra). 

4. Urea. — Tlie presence of urea may be best ascertained by the 
method previously described (p. 69). For the estimation of metabolism, 
it is necessary to ascertain the total quantity of nitrogenous substances 
contained in the faeces. To do tliis, the stools should be treated with 
dilute acid (to prevent the evaporation of ammonia) and dried. Tlie 
usual method for the analysis of organic compounds will then serve to 
determine the i)roi)ortion of nitrogenous liodies present (see (chapter on 
Urine). 

5. Carbohydrates.- -Various carl>ohydrates occur in the faeces. Of 
these starch is the most prominent. It may be recognised at any time 
by the aid of the microscope. Hoppe-Seyler ^^ asserts that grape-sugar 
and certain gummy carbohydrates may be contained in the stools. 

To ascertain the presence of these substances, the faeces must be 
boiled with water, filtered, and the filtnite partially evaporated on a 
w^ater-bath. One part of the fluid may then be tested with Trommer's 
or the phenyl-hydrazin test for sugar. To another part a little of the 
iodo-i)oti\ssic iodide solution may be added, to show the presence of 
starch. Tlie remainder of the fluid may now be distilled, and the 
residue extracted with alcohol and aether (see chapter on Unne) ; the 
extract boiled with water and Altered ; the filtmte partially evaporated ; 
treated with dilute sulphuric acid, and lx)iled ; saturated with caustic 
soda; treated again with cupric sulphate, and Iwiled. The reduction 
phenomenon will show the presence of dextrin and gums {Hoppe- 
Seyler)}^^ 

The property of l>enzoyl chloride to form insoluble compounds with 
<'arbohydrates in alkaline solutions may also be utilised as a test. 

6. Acids. 

(a.) Bile Acids. — For the detection of bile acids, the distillatiAi 
residue of the faeces may be tested in the manner already described in^ 
connection with the blood (p. 75). If biliary acids be present in great 
quantity, the ai)plication of Pettenkofer^s test directly to a water^V ^ 
extract of the faeces (p. 76) will suflice for their recognition. Tliey 
may also l)e detected by the addition of a watery solution of furfurol 
and sulphuric acid (p. 76, and chapter on Urine). 

(8.) The Volatile Fatty Acids.— To obtain these boilies from the 
faeces, the following plan may be adopted : — Dilute the faec^al mass with 
water, add phosphoric acid, and distil. The distillate contains these 
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acids together with indol, phenol, and scatol. If tliis distillate be 
neutralised with carbonate of soda and again distilled, the indol, phenol, 
and scatol will pass over, and the sodium salts of the fatty acids remain 
l)ehind. Let these now he evaporated to dryness on the water-bath, 
the residue extracted with alcohol, and after the evaporation of the 
latter dissolved in water. The solution may then be tested for fatty acids. 

The separation of the different fatty acids may be accomplished by 
fractional distillation when they are present in abundance. Moreover, 
they may be partially isolated by precipitation of the sodium salts with 
aether in alcoholic solutions of varying degrees of concentration (v, 
J(Ukisch)M^ When there is sufficient material at hand, it is a good 
plan to convert the acids into their silver or liarium salts, and to effect 
their separation on the principle of their different degrees of solubility 
in water. 

The estimation of the silver, barium, or sodium constituent in the 
(•on*esponding salts may be eflfected in the reactions given below, and 
the proportion of the respective acids determined accordingly. Of the 
volatile fatty acids, butyric and acetic acids are those most readily to 
be found in tlie faeces. ^*^ Formic and propionic acids do not appear to 
have been recognised with absolute certainty, but we shall take account 
of them here, since it is certain, at any rate, that they occur in another 
secretion (urine).^^- 

(a.) Formic Acid. — This is a colourless liquid, of a pungent i>ene- 
trating odour, which freezes at o^ C, boils at ioo° C, and is miscible 
with alcohol and water. 

1. Free formic acid is not precipitiited by nitrate of silver, but this 
reagent will precipitate the alkaline salts of the acid from concentrated 
solutions. The silver compound blackens quickly in the cold, . and 
when heated reduction takes place. 

2. If a solution of perchloride of inm be added to a solution of a 
neutral salt of fonnic acid, a blood-red colour appears. This hue disaj)- 
l)ears on boiling, and a rust-coloured sediment remains. 

3. If formic acid or an alkaline salt of the acid Ije heated with 
mercuric chloritle to 60"* or 70** C, a precipitate of subchloride of 
mercury forms. This reaction is impeded by the i)resence of free 
hydrochloric acid or of excess of an alkaline chloride. 

(b.) Acetic Acid is a fluid with an acrid, pungent odour. Its boiling- 
point is 119**, and it crystallises at o** C. Heated with ferric chloride, 
its salts behave like those of formic acid. Nitrate of silver yields a 
precipitiite in neutral solutions of a salt of acetic acid, and this preci- 
pitate dissolves in boiling water without being reduced. 

When a salt of this acid is heatetl with sulphuric acid and alcohol, 
the characteristic odour of acetic aether is obti\ined. 



202 THE FJiOES. 

(c.) Propionic Acid.^Tlu8 is an oily fluid. It boils at 1 17° C. Pro- 
pionic salts exhibit the same reactions with nitrate of silver as those of 
formic acid. With ferric chloride they do not yield a red colour. 

(d) Bnt3rric Acid. — In the pure state butyric acid is an oily fluid, 
with a goat-like odour, which boils at 137** C. It is miscible in all 
proportions with alcohol and aether. Its salts, when treated with 
mineral acids, develop the characteristic goaty smelL Ferric chloride 
solution does not give a rod colour in solutions of such salts, while 
nitrate of silver forms a crvstalline sediment which is insoluble in cold 
water. 

To isolate butyric acid from the Isobutyric acid in the faeces, the portion which 
distils at 158° C. should be treated with carbonate of guanidin {Britger^*'), and 
the guanidin salt obtained converted by heating into the corresponding guanamin. 
The base examined under the microscope will then exhibit the characteristic 
pointed rhomboids of the guanamin of isobutyric acid. 

Valerianic, caproic, and others of the higher fatty acids are also present in the 
ficces. Wegscheider^^ asserts that oleic, palmitic, stearic, capric, and caproic 
acids occur in the discharges of infants. 

?• Phenol. — This substance is always a constituent of faeces. AVhen 
the fatty acids have been converted into their sodium salts in the 
process described above for the separation of the volatile fatty acids, 
phenol passes over in the distillate. To isolate it from indol and 
scatol, the distillate must be i-endered alkaline with caustic potash and 
again distilled. The phenol remains behind, and may be purified by 
distillation with sulphuric acid. 

(i.) If a portion of the distillate now be treated with a solution of 
ferric chloride, a violet colour ^\^ll show the presence of i)henol. 

(2.) The addition of bromine-water to another portion will cause tlie 
deposition of a crystalline sediment of tribromophenol. 

(3.) Millon^s reagent gives a red colour. 

8. Indol and Scatol. — Both these bodies occur in the faeces, the 
latter having been detected there by Brieger.^*'^ To separate them 
from the phenol present, the distillate in the above process (see a7ite, 
Volatile fatty acid^) should be treated with an alkali and again distilled, 
when indol and scatol will pass over. Indol forms in small colourless 
scales like those of benzoic acid It dissolves in boiling water and 
very readily in alcohol, and is decomposed by strong alkalies. 

Scatol, which also crystallises in colourless scales, is much less readily 
soluble in water, and possesses a disagreeable pungent smell. It is not 
decomposed by fairly strong alkalies. 

To obtain either of these bodies separately, we avail ourselves of the 
lesser solubility of scatol in water, or of its property of resisting the 
action of alkalies. 
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(i.) If nitric acid wliicli contains nitrous acid Ije added to a solution 
of indol, a distinct red colour is i)roduced, or a red precipitate if the 
solution be concentrated.^^ 

(2.) Pine-shavings steeped in hydrochloric acid are turned red in an 
alcoholic solution of indol. The first test, when applied to scatol, does 
not produce a red coloration, Init at most a slight turbidity. The second 
entirely fails. Jointly they ^nll serve sufficiently for the discrimination 
of these two substances.^"*" 

9. Cholesterin, Fats, and Non-Volatile Organic Acids.— 

Cholesterin, as we have seen, seldom occui-s as crystals in the faeces, 
but, according to Hoppe-Seylei'y is in one form or the other an invari- 
able constituent of those discharges. For its detection chemically, the 
residue which remains when the volatile fatty acids and phenol group 
have passed over in the process of distillation is to be treated with 
excess of sulphuric acid, and extracted first with alct»hol and then with 
aether, (i.) The aethereal extract is filtered, the aether removed by 
distiUation, and the residue first digested with carbonate of soda on the 
water-bath, so as to remove any traces of the volatile fatty acids that 
may have failed to pass over with the «thef, evaporated to dryness, 
and again extracted with aether. (2.) The alcoholic extract is also 
filtered, treated with carbonate of soda, the alcohol distilled off, the 
residue dissolved in wat^r, and finally, as l>efore, extracted with aether. 
In the alkaline watery residue are contained the biliary acids (r. supra), 
oleic, palmitic, and stearic acids, which, according to Hitppe, may In? 
separated by converting them into their barium salts. 

Cholesterin and fat are taken up by the aether. The latter is evajK)- 
rated, the residue treated with alcoholic solution of caustic iK)ta8h, the 
alcohol removed by evaporation on the water-bath,^*® and the remain- 
ing fluid diluted with water and extracted ^vith aether. The fat^ remain 
as soaps in the watery solution, while the cholesterin is dissolved by 
the aether. 

Cholesterin may Ije recognised by the following tests : — 

(i.) A little concentrated sulphuric acid applied to the crystals on 
a slide will cause them gradually to colour a reddish-yellow round their 
l)order8, and finally to grow smaller and disappear. 

(2.) AVhen the crystals are dissolved in chloroform and sulphuric acid 
is added, a blood-red colour forms, presently changing to purple-red. 
The sulphuric acid at the same time shows a strong green fluorescence. 

(3.) A particle of cholesterin to which a little nitric acid has been 
added is placed in a small dish and cvaiKjrated to dryness in the water- 
Ixith. It leaves a yellow stain, which turns a yellowish-red on the addi- 
tion of ammonia {SrJiuhe)^**^ 

The soa^vsolution obtained in the above process is to Ik* rendered 
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acid with dilute sulphuric acid, and the resulting fatty acids removed 
by filtration. If the filtrate be neutralised with ammonia, evaporated, 
and extracted with alcohol, it will be found to contain glycerine. The 
fatty acids may be again dissolved in ftther, repeatedly saponified, ^^ 
collected and dried, and then identified, first by ascertaining their 
melting-points, and again by converting them into their barium salts, 
and determining in each case the value of the barium constituent 
(Hoppe-Seylery^^ 

Fats, and especially neutral fats (tri-glyceride), soaps, non-volatile 
fatty acids, and cholesterin, are present in all faeces. Acholic stools 
present them in relatively large quantities. According to MtUleVy^^^ 
clinical inferences can be based on a knowledge of the melting and 
solidifying points of the fatty acids. ^^^ Both points arc higher in pro- 
portion to the efficiency of intestinal absorption. When the fatty acids 
of the faeces contain a proportion with a melting-point so low as 50** C, 
this function is probably impaired. 

For the quantitative estimation of fats in the stools the methods of 
Hoppe-Seyler and BenediJd ^^ may l)e employed. That of MiUler ^"*^ is 
more expeditious and serves well for clinical purposes. To determine 
the amount of fats formed w^ith a given diet, as milk or flesh, powdered 
animal charcoal is administered with the first meal, which should be 
tiiken on an empty stomach. The earliest resulting faeces are thus 
stained black. A portion is dried at loo** C, and by extraction with aether 
in SoxhleVs apparatus the neutral fats an* I free fatty acids are obtiiined. 
These are dissolved in warm alcohol and a little aether, and submitted to 
titration with phenol-phthalein solution and alcoholic solution of caustic 
potash. The result of titration shows the proportion of fatty acids 
present. Another portion of the dried faeces is extracted first with acid 
alcohol and afterwards with aether to detenuine the amount of soaps 
contained in it. In intestinal disease, especially such as involves the 
lymphatics, and where the flow of bile is suspended (Midler) ^-^ the faeces 
contain great quantities of fat, showing that absorption is imi>eded. 

10. Colouring Matters. 

1. Urobilin. — This is the normal colouring matter of the faeces 
(p. 164). It can readily Ije obtained from the stools by treating them 
with acid alcohol. 

Mehu's^''^ method for the isolation of urobilin in faeces yields 
excellent residts. A watery extract of the faeces is made, and to this 
is added suli>huric acid in the proportion of 2 gnus, to the litre, and 
solid ammonium sulphate. The fluid is then filtered, and the pre- 
cipitate washed with a warm siiturated solution of ammonium sul- 
phate, dried on a water-bath, ami extracted with a boiling alcoholic 
solution of ammonia. Urobilin may be shown in the extract so formed 
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by its characteristic spectrum in acid solutions. This exhibits a well- 
defined absorption-band between the lines h and F {Fraunfio/er) of the 
solar spectrum (fig. 130). 

It should be noted that urobilin may be present even in acholic stools. 

2. Blood Oolonring-Matter. — Pure blood occurs in the stools only 
after very profuse and rapid haemorrhage into the intestine. In all 
other cases where its constituents are found they are greatly altered. 
Haematoidin crystals are rarely seen. Hsematin is the form in which 
blood pigment occurs most commonly. This substance may best be 
recognised by Teichmann^s test, or with the spectroscope (pp. 61, 66). 

3. Bile Pigment. — The faeces never contain bile pigment in health, 
but it is found abundantly in the discharges in cases of catarrh of the 
small intestine. It may be l)est detected by the application of GhneJiWs 
test (nitric acid). On the addition of a little impure nitric acid to a 
specimen of faeces in which bih? pigment is present, the mass changes 
colour quickly, imd the separate* drops of the acid are surrounded ^vith 
rings of green, red, and violet. The appearance of a green ring is very 
characteristic of bile pigment, and is due to the formation of biliverdin. 
We have alreaily sjwken of the otlier pigments which may occur in the 
stools (see p. 165). 

11. Intestinal Gases. — These consist of hydrogen, carbonic acid, 
nitrogen and volatile carburetted hydrogen (methan).^^ It is not yet 
definitely detennined whether sulphuretted hydrogen is formed in the 
intestine or not. Senator and Ottavio Ste/ano,^^^ however, maintain that 
in certain morbid states this gas is generated in such qujuitity as to 
cause symptoms of poisoning. The fact that sulphide of bismuth is 
formed in the alimentarv cantil when nitrate of bismuth has been taken 
(r. Jalk8ch)y lends probability to the assumption that sulphurette<l hydro- 
gen is also produced there. Acconling to Hammarsten,^^ the latter 
occurs in small quantity in normal faeces. 

12. Ptomaines. — Putrescin and cadaverin are ju'esent in the 
stools, and may l)e recognised by the methods already laid down. 
Moreover, the ptomaines known to be produced by j>ure cultivations of 
certain pathogenic fungi have recently been obtained directly from the 
faeces, as by Pouchet^^^ in cases of cholera. Baumanu and Uffransh/, 
Siadihagen and Brietjer^^^ have separated diamines frian the stools of 
|>atients with cystinuria (see chapter on Urine). They l>elieve that these 
substances are absent fn>m normal faeces. See the methcMls de8cril)ed at 
p. 158. 

13. Ferments. 

Diastase and Invertin are generally present in the stools of healthy 
children (v. Jaksch).^''^ For the iletection of diastase see p. 82. 

B, InorgfaniC Substances. — The consideration of such inorganic 
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sul)stanees as assume a crystalline form has already engaged our atten- 
tion (p. 195). Chloride of sodium may be detected in the faeces thus : — 
An extract is made with water, acidulated with nitric acid, filtered, and 
the filtrate tested with nitrate of silver. A white precipitate (chloride of 
silver), soluble in ammonia, will show the presence of the sodium salt. 

In Happe-Seyler's ^** method for the quantitative analysis of inorganic 
matter in the stools, the substances which are soluble in alcohol are 
separated from those which are soluble in dilute acetic and hydro- 
chloric acids Injfore the process of incineration is commenced. If this 
is not done, there is danger that the nuclein, which is nearly always 
present in faeces, will be decomposed, setting free its phosphoric acid, 
which may tlien either remain uncombined or displace other acids from 
their compounds The analysis, Ijoth quantitative and qualitative, of 
the incinerated ash is conducted accoi*ding to methods which arc suffi- 
ciently familiar. ^**^ 

IV. EXAMINATION OF THE MECONIUM.— The term "meco- 
nium " is applied to the substance discharged from the rectum of tlie 
child immediately after birth. It is a thick, sticky, viscous fluid, of a 
greenish-brown colour. When examined by the microscoi)e, meconium 
exhibits some intestinal epithelium cells, fatty particles, both fluid and 
solid,^*^ numerous cholesterin crystals, a quantity of more or less well- 
formed crystals of bilirubin, and some downy hairs. There are imme- 
diately after birth no fungi, and (according to Escherich ^®^) no spores. 
After the lapse of twenty-four houi*s, however, the discharges exhibit a 
very different character. They now contain abundance of micro-organisms, 
and Escherich obtained from them by Koch's i)late-cultivation methods 
three distinct microbes. 

After the child has taken the breast, the bacteria of tlie stools, 
according to the same authority, are represented by two species of micro- 
(^rganisms. The first consists of thick, curved, rod-like Ixxlies, measuring 
1-5 A* in length by 0.3-0.4 itt in thickness. The other is a micro-organism 
which closely resembles the Lie tic acid bacillus of Huppe,^^ 

In addition to the above, the meconium contains numerous squamous 
epithelium cells, derived from the pharynx and oesophagus, or from the 
anal orifice {Bizzozero).^^ 

Zwet/el and Hoppe-Seyler,^''^ who have investigated tlie chemical con- 
stitution of the meconium, found it to contain bilirubin, biliverdin, and 
biliary acids, but no hydro-bilirubin (urobilin). Wegscheider ^"^ foimd 
traces of peptone, fats, and soaps, bilirubin, and traces of hydro-bilirubin 
in infantile stools. In a 8i>ecimen which the author examined, there 
was no senmi-albumin, j^eptone, or sugar. There was abundance of 
mucin. Hilinibin was the only pigment present. 
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V. OHABAOTEB OF THE FJEOES IN CERTAIN INTESTINAL 
AFFECTIONS. 

1. Acute Intestinal Catarrh. — In this condition tlie quantity of 
tlie stools is subject to gi-eat variety. They are usually fluid, thin, and 
slimy, yellowish-brown in colour, and emit a most unpleasant smell. 
Their reaction is alkaline, exce4>t in the case of acute enteritis of (chil- 
dren, when it may l>e acid. Such stools usually contain great quantities 
of mucus, and there are often visible to the naked eye foiKl remnants in 
•;reat qiuuitity. 

Microscopical examination reveals an abundiuice of fungi of vari- 
ous descriptions, large quantities of intestinal epithelium, and isolated 
leucocytes. 

2. Chronic Intestinal Catarrh. — In this disease the stools 

<*xhibit no very distinctive characters, whether to the naked eye or 
microscopically. 

Nothtiagd ^'''^ lays do>m the follo\ving rules for the localisation of 
chronic idiopathic intestinal (catarrh, according to the character of the 
faeces : — 

1. When the large intestine is alone involved, a single discharge 
takes place within twenty-four hours. Diarrhoea, however, is apt to 
recur at certain regidar intervals. 

2. AVlien the small intestine alum* is engaged, the motions are also 
likely to Ix^ sluggish. 

3. When both the large and small intestines are the seat of cattirrh, 
continuous diarrhoea is apt t<i ensue. 

4. Solid or semi-solid stools containing hyaline jmrticles of mucus, 
which can l>e recognised only with the microscoiw (see p. 166), and 
<levoid (►f mucus visible to the naked eye, jwint to imj)lication of the 
ui)per i)art of the large intestine. 

5. Tlie pn»sence of bile pigment in the stools, jis shown by Omelin's 
test, invariably indicates a catarrh of the ileum and jigunum. In such 
cases also the faeces are usually foiuid to contain (»pithelial cells an<l 
mucus, deeply stained yellow by the bile colouring matter. 

In certain forms of chronic ('atiirrh, when*, the large intestin(! is 
especially involved, it s<jmetimes happens that the lKKli(\s d(*s(jribed at 
p. 165 are to be found in the stools. Such an affection is then called 
enteritis tubulosa or membranacea ; Imt it is prolmble that tliese mani- 
festations acoomi)any other sufficiently diasimilar morbid states. Our 
present knowlt»dge of the subject is defective. 

3. Ulcerative Enteritis. — The diagnosis of this condition is 
always attended with difliculty. It is usually (though not always) 
accompanied with diarrhoea. In a (piestionable case, th(» appearanctj 
of bliKKl in the stools makes uh:eration prolmbh* ; but we cannot derive 
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any conclusive evidence from either the pliysical or the chemical char- 
acter of the faeces to establish the diagnosis. A diligent examination 
of the discharges, however, may in certain specific forms of ulceration 
disclose the presence of the pathogenic organisms to whose influence 
the process is known to be due, Tlie detection of the tubercle-bacillus 
especially is in this way a fact of the utmost clinical significance 
(see p. 103). 

4. Typhoid Fever. — Tliis disease is usually characterised by 
abundant foul-smelling discharges of the colour of i)ea-80up. They 
contain large quantities of bile pigment, a fact which points to a catarrh 
of the small intestine, and to which also Nothnagel attributes th(* 
peculiarly offensive character of the smell emitted, 

■The reaction of typhoid stools is in all cases alkaline. 

Microscopical examination shows numbers of bile-stained epithelial 
cells, some leucocytes, abundance of triple phosphate crystals, and a 
profusion of fungi. NothnagePs Clostridia are especially prominent 
amongst these. The typhoid-bacillus, of course, infests the discharges 
of this disease ; but it cannot be distinguished from the other micro* 
organisms by a simple microscopical examination. This can b(? done 
only by the bacteriological methods indicated at p. 178. 

The stools of typhoid in its later stages may be those of intestinal 
ulceration. Thus, when haemorrhage results from the extension of 
typhoid ulcers, the faeces will be blackened, and yield the chemical 
reactions which denote the presence of a derivative of blood pigment 
(hsematin). 

5, Dysentery. — The discharges of dysentery are subject to a great 
variety of character ; but there is (me respect in which they are constant, 
for they always contain abundance of mucin, and in the author's experi- 
ence also some serum-albumin and much peptone. 

Under the microscope there are to be seen great (piantities of 
leucocytes, intestinal epithelium, and fungi. Tolerably perfect red 
blood-corpuscles are occasionally visible. The number of these latter 
varies within broad limits, but the other microscopical appearances are 
remarkably uniform. 

The grosser properties of dysenteric stools, on the other hand, 
display n( ►table differences. Founded upon these, Ileuhner^^^ distin- 
guishes : — 

1. Mucous and niucosaiujuineous ducharr/e. — A pale yellow, viscous, 
transparent substance tinged with blood, cohering in masses, with or 
without admixture of faeces. 

2. Sarujtdneo-purulent (Ui^charge, — A reddish or yellow fluid, contain- 
ing flocculent or solid particles as large as a pea or a bean. Such stools 
may be compared to raw minced meat. 
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3. Discltarge of pure bloofl. — This occurs when a vessel has been 
opened by the extension of a dysenteric ulcer. 

4. Discharge of pure pus. — This consists almost exclusively of leuco- 
cytes, and belongs to the later stages of dysenterj'. 

5. Gangrenous stools, — Such stools are brownish-red or brown-black 
in colour, from the presence of altered pigment. They emit a putrid 
otiour. They indicate extensive gangrene of the intestinal mucous 
membrane. 

It was in dysentery that the stools were first noticed to contain those 
mucous particles which have been compared to frog-spawn (see p. 166), 
and which Nothnagel afterwards observed in other intestinal diseases. 
They have no si>ecial clinical significance in this iiisease. 

On the whole, it may be said that the naked-eye characters of dysen- 
teric stools are so remarkable that they will ordinarily suffice to establish 
a diagnosis without the aid of the microscope. 

Amoebae, which have lately been found in such stools, have been 
credited with a causal relation to the disease {Hlava and Kartulis)y*^ 
A similar importance is attached by others to a pathogenic fission-fungus 
{Klehs, CJianteniesse and TFiV/o/),^"^ but with less reason. 

6. Cholera. — During an epidemic of cholera, there is usually pre- 
valent a fonn of diarrhoea which is distinct from that disease, and it is 
of the utmost importance to i)ossess the means of discriminating between 
the two. The discharges of the less formidable complaint are not charac- 
terised by tuiy special changes ; but, in a doubtful case, the investigation 
in the stools for cholera Imcillus (as indicated at p. 173) may be needed 
to establish the diagnosis. 

In a pronounced case of Asiatic cholera, on the other hand, no kind 
of ambiguity can exist. The discharges are thin, and devoid of smell 
and colour. They have been aptly termed " rice-water " stools. Micro- 
scopically they abound in leucocytes and epithelium, and their specific 
micro-organism, the comma-bacillus, may be readily detected. It must, 
however, lie borne in mind that *^ncetcater " stools are not by themselves 
paihognomonic of cholera. They are seen re|)eatedly in heat-apoplexy 
and arsenical poisoning ; and in such connection, as well as in cholera, 
they hold a profusion of intestinal epithelium. It follows that the 
diagnosis of Asiatic cholera \vill rest on an absolutely secure basis only 
when the comma-bacillus has l)een foimd, separated from the stools, 
and cultivated by the methods with whicli we are already familiar 
(p. 1 74). Chemically, the discharges of cholera contiiin serum-albumin *"<* 
and much mucin. 

7. HSBmOPPhagriC Stools. —Blood is discharged with the stools in 
cases of great venous congestion of the intestine, in typhoid, in tubercular 
and dysenteric ulceration of the stomach or intestine, and in round 
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ulcer of the stomach i>r duoclenuni. These cases are always attendcMl 
with symptoms of severe intestinal trouble. The blood is usually 
profoundly altered (p. 205) ; l)ut when the haemorrhage has taken place 
in the lower part of the alimentary canal, as the sigmoid flexure or 
rectum, pure briglit blood may be passed. 

8* Acholic Stools* — Tlie stools may be deficient in bile in cases of 
jaundice from obstruction of the biliary ducts, or they may be so in the 
absence of this condition. 

They are characterised by (i) their whitish-grey colour, (2) the abun- 
dance of fat wliich they contain, and (3) a profusion of fat crystals, 
prc»bably soaps of soda, Ume, and magnesia (fig. 90). 

Such stools in connection with jaundice imply an obstruction to the 
flow of bile by blocking of the ducts. Wlien they occur independently 
«>f ol>8truction, the underlying cause is not yet sufficiently understood. 
Many theories have been framed to account for the phenomenon : — (i.) 
It may be either that the bile pigment has undergone some change in 
the intestine which prevents the fonuation of its metabolic product 
(urobihn) ; or (2.) the secretion of bile may be so scanty that there is 
not enough pigment for the elaboration of urobihn ; or (3.) it is iwssible 
in such cases that the latter is replaced by certain colourless metabolites 
of bilirubin {v, Nenckt's leucohypobilin). The latter view is supported 
by the fact that considerable quantities of urobilin may l>e obtained 
from acholic stools by extraction with acid ahiohol (v, Jah'scJi, Pel, 
Le Nohel)y*^ The stools may be devoid of bile in cases of the most 
varied origin — as in tuberculosis of the intestine, clironic nephritis, mid 
chlorosis — where no trace of jaundice is present. They are commonly 
so in the fatty discharges which accompany indigestion in children 
{Bierfert).^''^ Berggriln and Kaiz^''^ have observed acholic stools in 
the chronic tubercidar i)eritonitis of children. In these cases, as usual, 
the faeces contained excess of fat. It follows, therefore, that we cannot 
infer the character of the stools from the presence or alxsence of this 
symptom. But in all cases where colourless stools concur with jaimdice, 
the cause is to be found, as has already l)e(»n said, in obstruction of th(» 
biliary passages. 



CHAPTER VII. 

EXAMINATION OP THE URINE. 

The urin<»> is tlie secretion of the kidneys.^ * A sufficient and exhaus- 
tive knowletlge of the characters of this secretion is a jwint of the 
utmost consequence to the physician, since the changes which it 
inulei*goes are tlie expression of numerous morbid processes, and their 
intelligent interpretjition aftbnls the surest ai<i to diagnosis. 

I NAKED-ETE INSPECTION OF THE URINE. 

!• Quantity. — The quantity of urine secreted in health varies 
within broad limits, and depends at any time upon the relation subsist- 
ing l>etween the imbibition and abstraction of fluids in the system. It 
follows that an error as to excess or deficiency can })e considered morbid 
only when very marked. In general terms it may be said that a liealtliy 
able-boilied man will jmss 1500 to 2000 cc. of urine in twenty-four 
hours. The rate of secretion varies at different periods of the day. In 
the early hours of the night the urine is abundant and of relatively 
low si)ecifi(» gravity ; later it is scantier and more concentrateil, while 
tluring the waking hours it again l)ecomes more abundant ( Wollheim de 
Fattseca),' Secretion is dimhiished in sleep (GIuw),^ 

lender jwthological conditions the healthy sfaindtird may l)e widely 
depi\rt<Hl from in either dirt»ction. 

In onler to estimate the quantity of urine secreted, that which is 
jiassed within twenty-four hours should be collected ; and it is well to 
date the period fnmi eight o'clock of one morning to eight o'clock of the 
next When only ludf this interval is tjiken — and especially when the 
estimation of urea is in question — it is imiK)rtant that the bladder 
should Ik? previously emptied. The patient should Ije admonished to 
make water Iwfore going to stool, and ev<?n then a certahi allowance 
must be made for urine jxissed in the act of tlefah^atioiL Should the 
jMitient Ik* th<* sulyetrt of incontinence, it is very difficult to f<»rm an 

* We shall confine oun»elves here to a description of the simpler processes, and 
Huch ax are likely ti> be applied clinically. For more exhaustive information the 
reader is referred to the text-books of urinary chemistry (see references I and 4). 
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accurate estimate of the quantity of urine secreted ; and this can be done 
only by passing the catheter as often as possible — hourly, if it may 
l)e — so as to minimise the escape of fluid. In piralysis of the bladder, 
while sensation remains unimpaired, the escape of urine may be pre- 
vented by the use of a permanent receptacle. The urine saved shoidd, 
ill any case, l)e placed in a vessel of two litres capacity, and provided 
with a graduated scale showing its capacity in cubic centimetres. Its 
quantity may be most accurately, estimated by weighmg it.* 

A diminution of the quantity of the urine (oliguria) occui-s in febrile 
conditions, in disturbances of the circulation of all kinds, and especially 
of the capillary circulation, in acute, and in some forms of chronic 
nephritis. The urine is increased in quantity in diabetes mellitus, 
diabetes insipidus, contracted kidney, amyloid degeneration of the 
kidney, and usually in convalescence after acute diseases. [To these 
causes may be added rare cerebellar disease, hysteria, and nervous con- 
ditions.] Under the heading of acute diseases the ijicrease is most 
pronounced in the non-febrile period of relapsing fever, at the termina- 
tion of an attack of acute nephritis — whether cure be impending or the 
acute is passing into the chronic form of the disease — and in the resto- 
ration of the balance in the capillary circulation, as where compensatory 
changes take place in heart- disease, <fec. Finally, the renal secretion 
is promoted by certain drugs, as the salts of acetic and salicylic acid, 
digitalis, and calomel 

A complete suppression of the urinary secretion (anuria) is an accom- 
paniment of uraemia and of all diseases that are attend(»d with the 
abstraction of water from the system : such are severe acute anaemia, 
gastric and intestinal catarrh, cholera, and dysentery. [A remarkable 
case ^ has been recorded in which totid anuria lasting for a we(ik was 
attributed to the impaction of a calculus in one ureter, causing o])stnic- 
tion of that, and suppression by reflex influence ; there were slight- 
symptoms of ura?mia shortly before recovery.] The transitory suppres- 
sion of urine which sometimes occurs in healthy persons after profuse 

• 

perspiration, and lasts only a few hours, is altogether physiological. A 
simple increase? or diminution of urine will not by itself establish the 
nature of a disease, but it is always an important factor in diagnosis, and 
we shall see by and by that the consideration of this point will enable 
us especially to discriminate between certain forms of kidney-affection. 

2. Specific Gravity of the Urine.— The density of the urine 
varies greatly in health, and is for the most part in inverse ratio to its 
quantity. If we assume the latter to be on an average 1500-2000 cc, 
then the sp. gr. of healthy urine may be stated at 1.017 to 1.020. It 
may be estimated most accurately by means of the pycnometer (see 

* See the text-books referred to, reference 4. 
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text-books), but for clinical and practical puqxjses an instrument con- 
structed on the principle of the hydrometer will serve well. Such 
an instrument, when employed for testing urine, is called a urino- 
meter. It is well to have two in use, one for taking the specific gravity 
when this lies between 1.000-1.025, the other where it is as high as 
1. 025-1. 050. 

A serviceable urinometer should be so made that the degrees on the 
index-scale shall be separated by a sufficient interval, not less than 
r mm. ; and when very accurate results are aimed at^ it shoidd be 
graduated in tenths. Moreover, it should l>e fimiished with a thermo- 
meter, also gi*aduated in tenths of a degree, ami recording temperatures 
l>etween o" and 30" G. 

A new urinometer should be tested in distilled water. If accurate, it will sink 
to the mark i.ooo, where the scale is graduated so low as this. 

The .si)ecilic gravity is tt»sted in the following manner: — Tlie urine 
is inmred ijito a cyliniirical glass vessel of suitable widtli. Should frotli 
form, it must be removed either witli filter-pai)er or by filling the vessel 
to tlie ])rim, when it may l:>e blown otf. The urinometer is then placed 
in the urine, and care is taken that it is not anywhere in contact with 
tlio sides of the vessel. When it is quite stationary in the liquid, the 
sj)ecilic gravity is rt»ad off, the observer bringing his eye on a level with 
the concave surface of the liquid. The mark on the scale which corre- 
si)onds to the lowest j)oint of this concavity will indicate the specific 
gravity of the fluid. 

Greater accuracy may be attained by testing the urine at some particular 
temperature, for which the urinometer has been constructed. 

An abnormal specific gravity of the urine is a fact of great import- 
ance in disease. It affords an api>roximate estimate of the quantity of 
solids excreted by the kidneys, and consequently of the energy of the 
metiibolic jjnx^esses within the system. It may be stated as a general 
ride, that when the quantity of the urine is diminished in disease, its 
si>ecific gravity is raised. A considerable departure from this rule im- 
plies one of two things: — Either tissue-changes are notably suspended, 
and their products, urea, uric acid, i^c, formed in smaller (juantities ; 
or these processes n^naining active, such proilucts fail to be removed by 
the kidneys. To the first of these causes is to be assigne<l that mpid 
decline in tlie density of the urine which sometimes i)recedes a fatal 
termination in acute fevers. Of still more serious im^wrt is a sudden 
fall in the sjn^cific gravity in nephritis, unattended ^vith any alteration 
in the quantity of urine imssed. The phenomenon in this instance 
lK)ints to the failure of the di8eiis<Hl kidneys to sepamte the urea and 
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salts elalxirated within the system. The author has had luany opiK»r- 
tunities of observing that such a fall in the specific gravity is apt to 
precede — usually by several days — the oliguria and suppression whicli 
herald an attack of iirseniia ; and it often affords a valuable warnhig of 
what is impending at a time when all other symptoms are wanting. 
Moreover, the symptoms of uraemia may develop whilst the urine 
remains but little diminished in quantity, and in such cases we shall 
always find that its specific gravity is greatly lessened.^ 

8. The Colour of the Urine. — Tlie normal urinary pigments 
have not yet been sei)ai'ated. (7. Vierm^dt " concludes from spectroscopic 
api)earance8 that they are several in number. Up to the present, on the 
other hand, but two chromogens have been determined in the urine, 
viz., indican (sulphate of indoxyl ; see Indiranuna), and the chromogeii 
of urobilin. 

[Four pigments are usually distinguished as belonging to the urine 
(F, Taylar). These are : — i. Normal urobilin. 2. Febrile or patho- 
logical urobilin, whicli is identical with stc^rcobilin {MacMunn), 3. 
Uroh8emato|3orphyrin, derived ivoiw haematin. 4. Uroerythrin, which 
is the pigment of i)ink urates. 

Tlie chromogens of the urine are substances which develop a colour 
on the addition to the fluid of some oxidising or other reagent. These 
are likewise four, namely: — The chromogens (i.) of indigo (indican); 
(2.) of pathological urobilin ; (3.) ^^ anaemia ; (4.) of melanin. MacMnun 
believes further that normal urobilin, which is the principal pigment of 
healthy urine, exist** there in part as a chromogen.] 

The colour of healthy urine depends upon its degree of concentration, 
l)eing darker Jis this is more pronounced. 

The same statement holds in general for disease, but with notable • 
exceptions; for there are some affections in which a high colour and 
an abundant flow coincide, and others in which the urine is at once pale 
and scanty. 

In some diseases, and especially in fever, additional colom*ing mattei*s 
are secret<Hl. The nature of some of these is a matter of speculation 
(urocrythrin, urochrome). 

At some period in th(» coiu'se of a disease, the urine may imdergo 
a change of (tolour from the admixture of blood. 'WHien the latter is 
present in small (piantity, the secretion may be flesh-watern'oloured. 
AVhen blood is more jJenti fully effused, it may lie a bright ruby-red 
(see H(nnatnrla). 

Bile pigment imparts a brownish-yellow or green tint. Its presence 
may usually Im' detected by shaking up the urine, when a yellow foam 
will form upon it. It nnist, however, be borne in mind that urinii 
which contains much urobilin will yield a similar foam (Leo Lieher- 
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matm ^) ; in tlie latter case the secretion is always of a dark brown-red 
(see Urobilinurin), An excess of indoxyl sulphates will cause the urine 
to assume a dark- brown tint, and the yellow foam will not form upon 
it (see IndicaniiHa), The brown tint in such cases is due, not to the 
indoxyl salts, which are colourless, but to some other su]>stance wliich 
is present with them. 

Certain drugs, too, will affect the colour of the urine. Rhulwrb and 
senna cause it to become brown or blood-red ; a black colour is deve- 
lojK>d when carbolic acid is taken into the system, esj>ecially if the urine 
be allowed to stand for some time, and the same api>earance follows 
the exliibition of naphthalin, hydrochinon, resorcin, and pyrocatechin. 
The ]>lackening of the urine by carbolic acid is ascribed by Bauniann 
and Preusse ^ to the formation of the oxidation-products of hydrochinon. 
The use of quinine, kairin, antipyrin, and thallin, and sometimes sul- 
phonal, also colours the urine more or less ileeply. 

It may be stated in general that the urine is darkly coloured in fevers, 
and in congestion of the kidneys due to heart-disease, emphysema, &c. 
It is, on the other hand, deficient in colouring matter in diabetes mellitus 
and insipidus, chronic nephritis, urina 8j>astica, and all kinds of ansemia. 
[The urine of i^rnicious ansemia, though of low specific gravity, not 
exceeding 1016 (Hunter), is usually of very high colour {Fagge,^^ Alott}^ 
Hunter^'), The urine of phthisis has a tendency to become dark on 
standijig, and sometimes turns quite black {Hale-White)}^^ In cancer, 
esi>ecially when it implicates the intestinal canal, the urine is apt to be 
dark and pigmented. In such castas an excess of indican may generally 
l>e determined. 

Vogel has endeavoured to construct a standard scale for the estima- 
tion of colour in the urine. 

[The following table from Hallihurion ^^ shows the nature and origin 
of the chief variations in tint : — 
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Colour. 



Caii»e of Colour. 



Patliolo'^c-.d Coudition. 



Nearly colourleM. 



Dilution or diminution of I Various nervous oonditions, 
normal pigments. hydraria, diabetes insi- 

pidus, granular kidney. 



Dark-yellow to brown- i Increase of normal or occur- \ Acute febrile diseases, 
red. rence of pathological pig- 

ments. 



Milky. 

Orange. 

Red or reddi <h. 



Fat globules. 
Pus corpuscles. 



Excreted drugs, eg. 

Unchanged haemoglobin. 
Pigments in food (logwood, 
madder, bilberries, fuchsin).! 



Brown to brown- I Hsematin. 



black. 



Methsmoglobin. 

Melanin. 

Hvdrochinon and catechol 



Greenish • yellow, j Bile pigments 
greenish - brown, 
approaching black. 



Dirty green or blue. 



Brown-yellow to red- 
brown, becomes 
blood-red on addi- 
tion of alkalies. 



A dark blue scum on surface 
with a blue deposit, due to 
excess of indigo-forming 
substances. 

Substances introduced into 
the organism with senna, 
rhubarb, and chelidonium. 



Chyluria. 

Purulent disease in urinary 
tract. 

Santonin, cbrysophanic acid. 

Haemorrhage or hsemoglobi- 
nuria. 



Small haemorrhages. 
Methaemoglobinuria. 
Melanotic sarcoma. 
Carbolic acid poisoning. 

Jaundice. 



Cholera, typhus ; seen espe- 
cially when the urine is 
putrefying.] 



4. The Reaction of the Urine.— H(?althy Immau urine id onli- 
narily acid. The reaction is due not to free acid, but to the acid salts 
(phosphates and urates) wliich it contains. 

It is, however, subject to considerable variations in this respect. 
Quincke ^^ has determined that the acidity is in general less in the fore- 
noon than at any other time, and the urine of healthy persons may even 
exhibit an alkaline reaction then.^^ 

The reaction of the urine is also modified by diet. It may be alkaline 
after an ample meal, or the ingestion of alkalies and of substances such 
as the salts of acetic, tartaric, and citric acids, which are converted into 
carbonates in the system. The administration of acids, on the other 
hand, renders the acidity of the urine more marked. 

Healthy urine when allowed to stand for some time l)ecomes [first 
more acid from an increase of acid phosphates, as well as lactic and 
acetic acids, and then] alkaline in consequence of the action of a micro- 



REACTION — MICROSCOPICAL CHARACTERS. 2 I 7 

organism, the micrococcus ureze (see p. 234), which decomposes the 
contained urea into carbonate of ammonia. [The urine of phthisis 
remains acid for a very long time, sometimes even for four months 
(Hale-WIiite) ^'.] It occasionally happens that the same urine will turn 
red litmus paper blue, and blue litmus red, i.e., it is amphoteric. This 
depends upon the presence in it of acid or neutral phosphates (Huppert).^^ 

In different morbid states the freshly passed urine may be either alka- 
line or acid ; but its reaction in disease is valuable as a symptom only 
when the causes which are known to influence it in health can be 
excluded. A fact of the greatest consequence in this connection is the 
alkalinity due to ammoniacal fermentation, and this can usually be 
ascertained directly by the sense of smell. The uruie is, as a rule, acid 
in f ebrUe conditions, diabetes, and leuksemia ; in scurvy, too, it is apt 
to be intensely acid. On the other hand, it is alkaline in simple and 
l>eniicious ansemia and chlorosis.^* According to Bence Jones, the 
alkalinity in these cases depends upon the deficient formation of acid 
in the stomach. In chlorosis the point is of interest to the physician, 
insomuch that whilst the reaction of the urine continues to be alkaline, 
it may be inferred that the morbid process on which it depends is still 
going on. Ammoniacal urine implies ammoniacal fermentation within 
the bladder. This may be due to the use of an unclean catheter, and 
commonly arises in the course of cystitis. [Alkalinity due to the pre- 
sence of ammonia may be distinguished from that caused by fixed 
alkalies from the fact that litmus paper turned ])lue ])y it again becomes 
red when dried in a gentle heat.] 

The i-eaction of the urine is best tested with red and blue litmus |)aper. 
The comjwrative estimation of acidity may be effected by Hupper^s 
method.^ [The acidity of the urine during twenty-four hours is equiva- 
lent to about 14 grs. of carbonate of sodium or to 30 grs. of oxalic acid 
{Taijlor),^^] 

IL MI0B0800PI0AL EXAMINATION OF THE URINE.— 

Healthy urine is genendly quite clear when first passed. ( )n standing, if 
not decomposed by the rapid development of fungi, it deposits a filmy 
cloud. Microscopically this deposit is seen to consist of a few crystals 
of various kinds, some white blood-corpuscles, and epithelial d^bris.*^ 
But the appearance of freshly passed urine may differ greatly from this, 
even in health. The concentrated urine passed in the morning some- 
times deposits an abundant sediment of urates altogether indejiendently 
of disciise. 

The examination of morbid urine affonls informati<m of the utmost 
ciinsequence in diagnosis. Such urine may either be turbid when passed, 
or it may deposit a variable quantity of sediment when allowed to stand 



for acme tiiw ; ainl u-lifii Ihif spiUmeiil in looki'd nt tUmugli l\w iiiifiti- 
bcope, it is seen to hulil certiiin substanceB of very variable chnntctvi. 
For conveniens of description we shall divide these sTibetances into 
two classes, the Organised and the [fnorganieed urinary depcwits. 

tlie urinary Heiiinjent may be condacted En 
s aJlowed to ttettle, tbe clear superoutaot 
tiiiMit plAcod in a, conicnl iflnss, when it Is 



Tbe microscopical e 
tha following manner :— The nritu 
fluid poured off, and some of the h< 




again allowed to stand for a white. A littte 1b tben removed with a pipelte and 
placed on ii nlide for examinalion. If the sediment should be scanty and reqnire 
a long lime— say twenty-fonr houri*— to deposit, it should bo set apart in a. cool 
place, so as to check the excessiva development of fungi and fermentative pro- 
oeiises. which might alter the character of the speeimen. It is well also to add 
Bcme indifferent antiseptic substance to the urine, as thymol, hydriodic acid, or 
oil of tarpentine. An admirable admixture is tliat of Salhnciki ;" 20 to 30 CO. of 
a lluid containing j to 7.5 cc. of chloroform in a litre of water. Carbolic acid 
should not he employed, because it will caii.ie a precipitate with any albumin 
which may be present. 
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The process may l>e rendered more certain and expeditious by the use 
of Sienbeck's sedimentator (r. Jakscli, Litteii ^% the nature of which is 
explained by the accompanying figure (fig. 92). As used by the autlior, 
it is fitted with a treadle-wheel, and worked by the foot instead of the 
hand. It is also protected by a wooilen case, ^nthin which the centri- 
fugal apparatus is made to rotate. Tliis is a precaution against accidents. 
With tliis instrument a few minutes is sufficient to produce a deposit 
even in urine which contains but little sediment, and where it is avail- 
able no other procedure is required. The sediment when deix)sited is 
withdrawn by means of a pii>ette and submitted to microscopical exami- 
nation as already directed. 

1. Cellular Constituents (Organised Sediment) of the Urine. 

1. Bed Blood-Oorpnscles. — Re<l bloo<l-corpu8cles occur in variable 
quantity as a morbid constituent of the urine. They may l)e so few 
in number as not to aifect the colour of the fluid, and to be discernible 
only with the microscoi>e ; or they may be present in such abundance 
as Xa^ form a layer several centimetres deep at tlie bottom of the vessel, 
and when intimately mix(»d with the urine • impart to it a deep red 
colour. 

The condition in which tliey are found is not less liable to vary than 
their number. They may retain their pro^^r form, or they may api)ear 
as ptde yellowish rings (phantom corpuscles of Traube). (See fig. 96.) 
Imi)ortiuit inferences as t<> their origin are to be drawn from the number 
and character of the red blooii-cells in the urine. Such cells may be 
derived from the urethm, the bladder, the ureters, the renal pelvis, or 
the kidnevs themselves. 

When they are intimately mixed with the urine, in such a way that, 
though present in large quantity and deeply tinging the fluid, they do 
not fonn a sediment after many hours' standing, it may l»e inferred 
that the haemorrhage took place in tlie substance of the kidney or in 
the renal pelvis or ureters. If, imder these circiunstances, they are 
seen witli the microscope* to Ije j)rofoundly altered, having lost their 
colouring matter and presenting the appearance of i>ale yellow rings, 
the further conclusion results that the blood was effiised in the kidnev 
itself, and the symptom i)oints to acute nephritis or to a fresh exacerba- 
tion in the course of chronic nephritis. When the bloo<l-oells a]>})ear 
as comparatively few, attenuated, and washed-out rings, they may have 
originated in congestion of the kidneys or in miliary tuberculosis of 
those organs, and the diagnosis of the^n^ conditions may Ix? established 
on this ground — in conjunction, of course, with other symptcmis. 

It is more difficult to decide from the character of the blood passed 
whether the lesion has taken place in the renal i»elvis or the ureters. 
To arrive at a just conclusion on this i)oint, a carefid examination 
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must be made for the other occasional organic constituents of the urine, 
as epithelium, casts, &c., and the diagnosis will rest in a large measure 
upon their character (see pp. 221 and 224). 

\\Tien blood is present in considerable quantity without being inti- 
mately blended with the fluid, it is derived in the majority of cases 
from the bladder. Intermittent hsematuria, attended with severe pain, 
is caused by calculi or tumours in that orgiin. Haemorrhages into the 
kidney occur in haemophilia ^^ and leukaemia. 

2. Leucocytes. — The urine contains isolated leucocytes in health. It 
is only when they occur in greatly increased quantity, or in conjunction 
with other cellular elements of a pathologieAl character (casts), that 
their presence attains any serious import. They are usually unaltered 
in form, but sometimes, and especially in alkaline urine, they swell 
up, become glossy and homogeneous, and their nuclei disappear, but . 
can again be made visible with acetic acid. Occasionally they enclose 
much fatty matter, and this chiefly when they are derived, not from 
the urinary passages themselves, but from the bui'sting into them of a 
slowly-fonned abscess of some neighbouring organ, as the rectum or 
prostate. 

Leucocytes are occivsionally seen to present protoplasmic processes. 
This happens when the secretion possesses a feebly alkaline reaction. 

The leucocytes of the urine may be derived from the substance or 
the i)elvis of the kidney, the ureters, the bladder, the urethra, or, as 
already mentioned, from the rupture of an al>scess into some part of the 
urinary passages. 

These bodies may form a compact layer of sediment several centi- 
metres deep in purulent catarrh of the bladder, and a similar dejwsit of 
pus has been found in the urine in cases of acute infectious uretliritis 
(v, JaJi'sch), Such pus is thick and viscid, and the constituent leucocytes 
are usutilly much altered in character {vide supra). 

Pus cells occur in the urine in considerable quantity in inflammation 
of the ureters and in pyditis, but in this connection they are never so 
abundant as in cystitis, and they are commonly deposited in the form 
of a flocculent sediment of a slimy translucent appearance, which, when 
looked at through the microscope, is seen to consist of a more or less 
dense aggregation of leucocytes. The distinction as to the nature of 
the sediment is not, however, altogether characteristic, nor is it in 
either case invariable. With this qualification, it may be recommended 
jis a point worth attending to in the differential diagnosis of cystitis and 
inflammation of the pelvis and ureters. 

In renal disease there are but few leucocytes to be found in the 
urinary sediment, unless in the rare cases where a renal abscess dis- 
charges directly into the large tubules or the i)elvis of the kidney. 
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Care must be taken in the case of women to ascertain whether pus 
found in the urine may not have been derived from the vaginal secre- 
tion. In blennorrhoea a considerable quantity of pus may find its way 
from this source into the urine. 

Wlien pus in great quantity api)ears suddenly in the urine (pj-uria), 
it points to the opening of an abscess into the urinary passages, but two 
cases are on record (r. Jaksch) where no such causes could be assigned, 
and these constitute rare but remarkable exceptions to the principle laid 
down. They depended, doubtless, uix)n unusual conditions favouring 
diapedesis. 

In these two cases the patients — a boy of six and a girl of thirteen years — both 
suffered from pulmonary phthisis, and the accident referred to occurred during 
the last week of life. The purulent sediment of the urine contained no bacilli, 
and the post-mortem failed to disclose any condition to which the discharge might 
be referred. 

The fact is of importance, since it shows that a purulent deposit may 
appear in the urine apart from the causes mentioned above. Glaser^ 
has shown that the urine of healthy persons may contain great quantities 
of leucocytes as a result of alcoholic excess. 

Leucocytes can generally be recognised by the microscope ; but shoiUd 
any doubt arise as to their nature in a particular case, it may be at 
once resolved by the addition of a little iodo-potassic-iodide solution. 
With this reagent the leucocytes stain a deep mahogany-brown (glyco- 
genic reaction), whilst the forms of epithelium, with which they are 
occasionally blended, and which may be confounded with them, assume 
a light yellow colour. 

A. Vitali -^ recommends the following test : — The suspected urine, if 
alkaline, is acidulated with acetic acid and passed through a thick filter. 
The deposit on the filter is then treated with a little guaiacum tincture 
which has been kept in the dark. If pus be present, the inner surface 
of the filter takes a deep blue tint Dr, Franks who has employed this 
test in the author's clinic, reports in very high terms of its efficiency. 
The result is obtained even with a small proportion of leucocytes in 
the urine. 

3. Epithelium. — The slight cloud which ordinarily forms in healthy 
urine contains a number of epithelial cells. These arc for the most 
part of the squamous variety, but amongst them are also some smaller 
forms, which are derived chiefly from the mucous surface of tlie renal 
pelvis and ureters, and very rarely from the substance of the kidneys. 

In addition to these, there are to be seen in every specimen of urine 
a considerable number of uninuclear polygonal cells, and similar round 
cells, which are their earlier form. These belong to the meatus and 
prepuce, and in women to the vagina. Their presence in comimni- 
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tively small numbers has no special signiticunce ; but when they occur 
in excess, they indicate a catarrh or catiirrhal irritation of the parts 
from which they are derived. A form of epithelium, consisting of 
oblong cylindrical cells, diminishing in size towards their attached 
extremity, and with well-defined borders, comes from the surface of 
the male urethra (Btzzozero), 

It is very difficult to distinguish ])etween the epithelial cells wliich 
are derived respectively from the bladder, ureters, and renal pelvis. 
Bizzozero'^ maintains that the cellular type is the same for all these 
parts, and Eichfiorst -^ agrees with him. 

It follows that a particular affection in one of these situations can 
hardly b(» localised ])y the character of the ufinary epithelium. The 
cells in each case have this in common, that they are smaller than 
those already described. Tliose that come from the superficial layers 




Fio. 93.— Uriuary Epithelium (eyo-picce III., objective 8a, Rtichet't), collected fi-om thirty 

dir 



liffei-eut Hpeciniens. 

"., a'. Squamous epitlielium from the urinary 

sediment. 
f*, 6', b". Kpitlicliuni from the bladder. 



c, c', c", c"'. Epithelium from the kidneys. 
(/, d'. Fatty epithcUum from the kidneys. 
e-h. Epithelium from the bladder. 



of the mucous membrane are polygonal or elliptiad in shape. They 
usually have a single large nucleus, and their protoplasm is apt to be 
very granular. The cells which arc derived from the middle and deeper 
layers are move oval in shape, often irregular and conic^, and furnished 
witli one or two long protoplasmic processes (fig. 93, 6, h\ h"). They 
also have a single nucleus of large size, and their substance is clearly 
granular. Like Bizzozero and Eichhorstj v, Jdlcsch has been unable to 
find any morphological distinction amongst these cells, })y which their 
origin in the bladder, ureter, or pelvis can be known ; nevertheless, he 
is of opinion that certain inferences may be drawn from their number. 
Given a disease of one of these parts, it may be assumed to involve the 
ureter alone when the epithelial forms which we have been considering 
are very few. 'Wlien in greater quantity and superimposed upon one 
another like the tiles <>f a roof, they ])robably come from the pelvis ; 
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and when in very great abundance they indicate cystitis. These iK>ints 
should not be strongly insisted upon, but taken in conjunction with other 
symptoms, they should carry some weight in a differential diagnosis. 

The general pathological condition to which the presence of these 
cells in excess is, in any case, to be ascribed, is that of irritation or 
inflammation of the mucous surface of the bladder, ureter, or pelvis of 
the kidney. If the reader will refer to what has been said of the 
leucocvtes in the urine in connection with these diseases, he ^vill see 
that the character of the sediment in the two particulars taken 
together, and read in conjunction with the clinical symptoms, will 
suffice very accurately to discriminate cystitis from inflammation of 
the pelvis or ureter. 

Much importance attaches to the apixjarance in the urinary sediment 
of epithelial cells derived from the mucous lining of the tubules of 
the kidney. Under normal conditions they are distinguished by their 
smaller size from the forms just considered, or at any rate from such 
as belong to the middle and deeper layers of the urinary mucous mem- 
brane. They are i)olyhedral in shape, luid finely granular, with com- 
paratively large oval nuclei and nucleoli. They occur separately or 
cohering in groups (fig. 93, r , c', c", c "), and in the . latter case may 
display the cylindrical arrangement (epithelial casts, fig. 95). They 
are often to be seen, singly or several together, on the surface of the 
casts to be described later (fig. 104, c). 

Tlie cells of kidney epithelium exhibit remarkable deviations from 
the normal type. They are sometimes hard, tough, and glossy, like the 
obsolete cells of the intestine described by Nothnagel (p. 169). They 
occasionally contain fatty globules in greater or less profusion (fig. 93, 
(J, iV), and again cells are seen overlying the surface of casts (fig. 103, a), 
which may (ronform in shaj)e to the type described above, but consist 
entirely of fatty matter (see also fig. 103, c). 

In the convalescent stage of acute nephritis (of scarlatina and ery- 
sijielas), small round cells with an eccentric resting nucleus are frequently 
to be seen, and these are doubtless the young kidney-cells formed in the 
process of repair within the tubules (t\ Jaksch). 

The detection and tjio character of the kidney epithelium in the 
urine is a point of the highest import in diagnosis. Its presence is 
always a sign of renal disease, and usually of inflannuation. In addi- 
tion to this, and where the coincident symptoms indicate a nephritis, 
the character of the epithelium will enable us to fonn a probable 
opinion as to whether the inflammatory process is accompanied with 
degenemtion of the kidney sulxstance. Thus where the cells are found 
loaded with fat, the autopsy will most likely disclose a fatty condition 
of the renal tissues ; and the detection of the o]>solete cells de8cril)e<l 
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above points ^vith some degree of certainty to tin amyloid degeneration 
of the organ. 

It is needless to add that a diagnosis can never l)e based ni)on such 
appearances alone, but must in all cases be controlled by the clinical 
symptoms and the other manifestations of the urine. 

4. Casts. — The subject of urinary casts, which will now engage our at- 
tention, is one of the highest interest. Casts were first seen in the urine 
by Vigla, Quevenne, and Rayer,^ in France, and almost simultaneously 
in Germany by Simon and Nasse.'^^ Henle^^^ discovered them in the 
urine of a dropsical patient, and afterwards in the renal tubules both of 
health aiul disease. Glaser,^ working in the author*s clinic, has ascer- 
tained that the recent urine of healthy persons, while free from albumin, 
often contains casts, and that a slight toxic influence (alcohol) is often 
sufficient to determine their presence. Rovida^ has contributed the 
most ample infonnation concernijig urinary casts. These bodies are 
subject to very great variety as to their number when present, their 
form, and the import which attends their manifestation. It must be 
premised that they have been foimd in urine which is entirely free from 
albumin, tmd even from every other morbid product. Thus Notlmagel ^ 
has seen them in the urine of patients with jaundice, which at the same 
time contained no albumin ; Burkart and Fiscld ^ likewise observed 
them, in the absence of al]>umin, in cases of severe inflammatory aflec- 
tions of the stomach and intestine. Hence it follows that the presence*, 
of casts in the urine does not by itself imply disease. 

Urinary casts may l>e conveniently divided into two chief classes, viz., 
Unorganised and Organued. 

(a.) Unerganiaed Casts, — These are fonned of crystids. They are 
pathologicaUy of little conse(pience. Those that have been described 
consisted of urates {fi\i. 94) and haematoidin ; and as yet they have been 
found only in infants, and in cases of gout and renal congestion. If 
healthy urine be concentrated in vacuum at a low temperature, 37°-39'' C, 
casts may be observed which consist of acid urate of soda {Leube).^'* 

Perhaj^s we ought to include under this heading some of those bodies 
which are at present classed together under the general name of 
" detritus " Ciists. 

{b.) Organised Cads consist of cellular elements, or the product*^ of 
their transformation. 

They may be subdivided into three groups: (i.) Those which consist 
of cells (red blood-corpuscles, leucocytes, and epithelial cells). (2.) 
Tliose which consist of the products of cellular change. (3.) Tliose 
so-called hyaline casts, whose origin is still a subject of dispute, but 
which are sufficiently distinguished from the others, l)otli clinically and 
morphologically. 
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(i.) The first group includes : — 

(a.) Casts formed of red blood-corpuscles (fig. 96). 
(L) Casts formed of leucocytes (fig. 97). 
(c.) Epithelial casts (figs. 95 a, 6, and 98 a, b), 
(d.) Casts consisting of colonies of bacteria. 

(2.) Under the second group we distinguish : — 

(a.) Granular, (b.) waxy, and (c.) fatty casts, 

(3.) The group of hyaline casts may be subdivided according as its 
members are simply hyaline, or, in addition, coated with certain sub- 
stances, amongst which kidney epithelium, red and white blood-cor- 
puscles, bacteria, and various forms of crystals may be enumerated. 

The cylindroids of Thoniaa should perhaps be included in this group. • 

The number of casts occurring in a specimen of urine, and the length 
and breadth of each, is subject to very great variety. The latter fact is 
sufficiently seen in the accompanying figures. 

I. Perfectly formed ceUular casts appear iji the urine only under 
such circumstances as cause the renal tubules to become crowded with 




Fio. 94.— Cast of Urates, from a Case of Emphysema (eye^piece III., objective 8a, Rtickeri). 

r^d or white blood-corpuscles, or bring about a separation of the renal 
<»pithelium in the entire circumference of a tubule. When this occurs, 
the casts formed are forced onward by the flow of the fluid secreted 
])ehind them, and are lUtimately discharged from the bladder. 

Fig. 98 (a and b) shows a rare specimen of casts, consisting of renal 
epithelium and leuco<^'tes from the urine in a case of nephritis >vith 
oliguria and uraemia. 

The clinical significance of these casts is very great. They always 
imply an affection of the kidney, and their presence alone suffices to 
establish the existence of acute nephritis, or the supervention of a fresh 
paroxysm in that disease. When found in small numbers, the kidney 
is probably but slightly diseased. When, on the other hand, the urine 
holds abundance of these casts, the fact is ample evidence of inflamma- 
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tory changes iii the organ. Figs. 95, 96, unil 97 represent s])eciiiien8 
of cellular casts fonned in different proportions of the several ceUulnr 
elements which enter into tlie formation of these bodies. 
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to the granular casts presently to be described, but are distinguished 
from them by their resistance to powerful reagents, such as caustic; 
potash and nitric acid. They may also be known by their opacity and 
the grey colour which they display, as well as by the remarkable 
uniformity of their substance (Martini),^ 

Casts of micrococci in the urine are a matter of very grave signifi- 
cance. They imply, as a rule, the existence of septic embolism of the 
kidney. They may also arise from the extension upwards of a septic 
pyelitis (pyelo-nephritis). 

The author ^^ has seen a number of casts formed of minute bacilli in 
the urine of a boy after a few days' illness with acute nephritis. Their 
formation was transitory.*® 

The specimcii represented in fig. 107, d, was from fermenting diabetic urine, 
and had no connection with the symptoms. 

2. TIkj members of the second group, as we have seen, are granular, 
waxy, and fatty casts. 

(a.) Granular Casts vary much in dimensions. They are most fre- 





a 



Fig. 99.-0. and b. Granular cast in 
chronic uephritia (eye-piece III., objective 
8a, JUicherty. 



a 



Fio. loa— a. and b. Granular oast in 
acute nephritis (eye^piece III., objectiTe 
8a, Reichert). 



quently seen in a fragmentary state, but are occasionally of perfect 
form. Their borders, which are usually well defined, are often sinuous 
in casts of some length (fig. loi, a and />). In the latter case, too, they 
are somewhat concave at the extremities ; but when very short and 
broken, they present a zigzag ending. Their constitution is very 
variable. Sometimes they consist of tine particles, which can be dis- 
tinguished only by a high power of the microscojKj (tig. 99, a), as Zeiss' 
objective F. In other cases they are coarsely granular, and the 
constituent particles can be readily made out with Hartnack IV. (tig. 
100, b). In colour, too, they manifest considerable differences. They 
may be of all shades, from pale yellow to a reddish-brown. They are 
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occasionally coated with leucocytes, fatty globules, and needles of fatty 
crystals (figs, loi, 6, and 103, a, h). These distinctions of character are 
not known to correspond to special derangements of the kidney. 

Gianular casts sometimea exhibit a transition fonn of epithelium 
(fig. 95, 6), and it ia probable that they usually originate in the de- 
generation of the blood and epithelial caste already described. This 
theory was first stated hy Ritidfleuc/i and Langharu.*^ 

The presence in considerable quantity of granular casts in the urine 
indicates an inflammatory condition of the kidneys. They have been 



I'm. loi — a. *nd b. Onuulucait In chtsiilii napluitii (e;«-plc« 111., obJMtIt* Si, Rtiduri), 

found {v. Jaktch) as an exceptional constituent of the secretion in 
cyanotic induration of the kidney, and especially when the latter con- 
dition was associated with nephritis (secondary nephritis). These bodies 
may be regarded almost equally with cellukr (epithelial) ca»<ts as a certain 
indication of nephritis. 

(b.) Waxy Oasts. — Theec casts attain a greater length than the others, 
and when comparatively perfect they may be seen to be segmented like 
a tapeworm. They also occur in'shorter fragments of relatively great 
breadth. Under the microscope they are homogeneous and refractive, 
and often bear upon their surface fatty globules, separately or in con- 
fluent messes, white and red blood-corpuscles, fun^, and crystals of 
various kinds. 



WAXY AND FATTY CASTS. 



229 



Their constitution has not been definitely ascertained. It would 
appear to be very complex, and that such casts result alike from the 
breaking down of epithelium and from the exudation of occasional 
products (fibrin, amyloid material) into the renal tubules. Their 
number also is verj' inconstant.*^ 

They are not characteristic of any special disease. They are found 
in acute and clironic nephritis, in contracted granular and in amyloid 
kidneys. They frequently exhibit the amyloid reaction with methyl- 
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Fig. 103.— Different Forms of Waxy Casta : a, with a coating of urates ; 6, waxy casts covered 
with crystals of oxalate of lime; e^ fragments of waxy casts (eye<piece III.» objectire 8a, 
Reiekerti 

violet and iodo-j>otassic-iodide solution; and this in the absence of 
amyloid degeneration of the kidney. Moreover, the reaction is not 
obtained in some cases where this condition exists, and consequently 
no inference can be dra^Mi from its manifestation. 

(c.) Fatty Oasts. — Fatty globules are found upon the surface of 
granular casts (fig. 103, a); but they also form by themselves short, 
powerfully refracting cylinders, which often are beset all over with 
needles of fatty crystals (fig. 103, r, d). 

These casts and fatty crystals were first pointed out by KnoU, They 
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are most commonly associated with subacute and chronic inflammations 
of the kidney of protracted course, with a tendency to fatty degenera- 
tion of the renal tissues (v, JaJcsch). Consequently their detection 
affects the prognosis imfavourably. 



e 





d 



Fin. 103.— a, Granular cant beset with fatty globules and fat crystals ; 6, granular cast covered 
with leucocytes ; e and d, fatty casts ; from a case of nephritis and large white kidney (eye- 
piece III., jobjective F, Ztua), 

Post-mortem examination has shown that they fonn most frequently 
in cases of large white kidney. In some instances where they were 
present, however, the organ was foimd to be more or less contracted ; 
but when this was so, it was invariably far advanced in fatty degenera- 
tion. The crystals which beset fatty casts are not formed exclusively 
of fat, but probably to some extent of lime and magnesia salts of the 
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Fio. 104. —Hyaline casts : a. liyaline cast; b. hyaline cast coated with leucocytes ; c. hyaline 
cast covered with kidney epithelium ; (h)m a case of chronic hypertrophic hepatitis with 
jaundice (eye-piece III., objective 8a, tUichcH). 



higher fatty acids and allied compounds, for they are not all soluble in 
aether. They have their origin doubtless in fatty deg(;neration of the 
renal epithelium. 

3. Hyaline Oasts. — Hyaline casts are for the most part pale and 
delicate bodies, of varyhig length and thickness, and moni or less 
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jibunclant in different specimens. They cannot, as a rule, be detected 
^vithout being previously stained. Their pathological significance differs 
greatly according as they are coated mth certain substances or not. 

In some diseases, whilst the urine contains no albumin, very pale 
hyaline casts are found in small numbers in the sediment. Nothnagel*^ 
has met with such in albumin-free urine in cases of jaundice, and 
Henle^^ in others where the kidneys were quite healthy. Their pre- 
s(?uce, therefore, has no necessary connection Avith renal disease. The 
author has repeatedly been able to recognise hyaline casts in the urine 
in affections whose subsequent course altogether excluded the possibility 
of diseased kidney; and Huppert^^ has shown that the urine voided 
after an epileptic i)aroxysm may contain both albumin and hyaline casts 
in the absence of any kind of inflammation in that organ. According 
to Leuhe^ hyaline casts are seldom met with in urine free from 
albumin.**" Nothing more need be said to enforce the precept that tlie 
existence of renal disease, or at all events of nephritis, must not be 
hastily concluded from the mere presence of hyaline casts. 

But when these casts bear a coating of other substances upon their 
surface the case is altogether different. In nephritis we sometimes find 
in ccmjunction with other casts cylinders of hyaline substance which 
are covered with epithelium (fig. 104, c), unaltered or loaded with fat, 
leucocytes (fig. 104, 6), and red blood-corpuscles. 

In severe cases of jaundice depending upon disease of the liver, as in secondary 
carcinoma of that organ complicated with nephritis, colourless hyaline casts 
are formed in the urine, and overlying their substance are golden-ydlow cells of 
kidney epithelium, which colour red, changing to blue in presence of nitric acid. 

Uratos are seen deposited upon such casts in cases of congested 
kidney ; and other bodies, as oxalate of lime and bacteria, may simi- 
larly occupy their surface. 

This is perha|)s the place where mention shoidd be made of the 
so-called cylindroids (fig. 105). These are long, ribbon-like bodies, 
resembling casts, which were first discovered by Thomas ** in the urine 
of scarlet fever. They occur also in nephritis, cystitis, and renal con- 
gestion, and Bizzozero has found them in healthy urine.'*^ They are 
not, therefore, characteristic of kidnoy-disease. They are observed most 
commonly in the urine of children, which may or may not also exhibit 
idbumin, in tlie absence (»f other symptoms. PoUak and Towk^ have 
noted tliese occurring together with abnormal excretion of urates. 

With r(*gard to the mode of origin of hyaline casts and cylindroids, 
Bovida^^ suggests that they are the products of secretion by the epi- 
thelium lining the luinary tubules, and his view is borne out by the 
t»xi)eriments of Pollak and Torok, In this way it is possible to account 
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for their manifestation in the absence of severe renal affections. At th< 

same time it must be borne in mind that the experiments which Ribbert^ 

made some years ago upon animals poini 
to the conclusion that hyaline casts maj 
result directly from the exudation of albu 
min within the tubules. 

Method of Examination for Casts. — Thi 
urine should be treated, when necessary, 
with antiseptic agents (r. supra). 1\ 
should be covered and allowed to stand 
for several hours, and some of the sedi 
ment which has then fallen should Ix 
removed with a pipette for examinatior 
on a slide. 

The casts belonging to the first twc 
classes can usually be recognised without 
special preparation. Simple hyaline caste 
may need to be stained to render then 
visible, and this may be done best in theii 
case by the use of a drop of dilute solutior 
of iodine and iodide of potassium. Othei 
staining fluids may be used for colouring 
the different varieties of casts. These arc 
picro-carmine, gentian-violet, eosin, acic 
haematoxylin solution, safranin, Bismarck 
brown, and methylene-blue (Knoll). II 
should be mentioned, however, that the 
staining properties of casts vary greatly 
^) and that some which are morphologically 
■^ similar will behave very diffiBrently in solu 
tions of the substances enumerated here. 
Fio. io5.-«. and 6. Cyiindroidfl from ^^^ ^^^^ investigation of these staining 

S^e")[Cobyc38^%^A1^^^^ ^''" properties the sediment should be washec 

with the normal saline (75 per cent. NaCl^ 

solution {Knoll ^'^)y and care should be taken that the dyes employed ar< 

sufficiently diluted. 

Chemical Constitution of Renal Casts, — Rovida is still the classica 

authority upon this subject. According to him, the characteristic pro 

perty of hyaline casts is their solubility in weak mineral acids. Thii 

property they possess in common with cylindroids. 

Waxy casts in their behaviour with chemical agents resemble albu 

minates, but they also exhibit reactions which sufficiently distinguisl 

them from the latter substances. It would appear in general that th< 
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substance of which casts are formed is not a proteid, but some deriva- 
tive of one. In this conclusion RoMa had been long anticipated by 
//. MayerJ^ Knoll has also satisfied himself that the substance of 
which renal casts are composed is not identical with any of the ptoteids 
with which we are familiar, as acid albumin, albumin, albuminate, 
albumose, globulin, fibrin, mucin, or peptone. 

5. Spermatozoa* — These are pear-shaped bodies, about 50 fi in 
length. Of this, the head occupies 4 to 5 a^i and the remainder is a 
long tail which tapers towards the exti-emity (see fig. 144). 

Spermatozoa are found in the urine of men after coitus, involuntary 
emissions, e.<jr., of epileptic paroxysms (Hujppei't ^'*), and masturbation. 
They may also occur in the urine of women when passed directly after 
connection (see Chapter IX.). 

6, FragrnientS of Tumours. — It rarely happens that fragments 
of a tumour are found in the urine. Tlie author has never yet by 
their aid been able to diagnose a growth in the kidney. On the other 
hand, a carcinoma of the bladder, or a tumour of some other organ, as 
the vagina or rectum, which lias burst into the bladder, may betray its 
character by imparting its constituents to the urine. Thus a pigmented 
tumour may be known by the detection of melanotic particles in the 
sediment ; but in other cases, as where cancer-cells are mixed up with 
ordinaiy epithelium, it is more difficult to base a diagnosis upon such 
appearances, and this can only be done in conjunction with the other 
symptoms. 

Tumours of considerable size (jwlypi, &c.) have been known to pass 
with the urine. An obser\'ation by Heitzmann "^ shows that it is some- 
times possible to diagnose renal tumours by a microscopic examination 
of the urine. 

7. Parasites. 

1. FnngL — Adopting the same classification as before, we shall divide 
the fungi of the urine into moulds, yeasts, and fission-fungi, and we 
shall also consider them under the two headings of ])athogenic and non- 
pathogenic organisms. 

(a.) Non- Pathogenic Fungi, — Fresh healthy urine is free from fungi 
{Leube ^") ; but when allowed to stand for some time, it becomes crowded 
with these organisms. 

All three classes of fungi may l)e repn^sented in the urine. It must 
be mentioned, however, that where ammoniacal fermentation is in 
progress, as a rule only fission-fungi, and perhaps a few yeastKsells, are 
to be found. ^loulds are, under nonnal circumstances, a very rare 
manifestation in decomposing urine ; but in that of diabetes, when the 
alcoholic fermentation of sugar has cease<l, they make their appearance 
in great quantities, floating in a layer of upwards of a millimetre in 
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thickness on the surface of the fluid, to wliich they impart a dieagiee- 
able mouldy smell. The urine is at the same time turbid with yeast- 
fungi and bacteria, aud its appearance alone may be conclusive as to 
the abundant excretion of sugar. 

The development of yeasMungi in large numbers is a sure sign of 
sugar in the urine, and their detection will serve to suggest this con- 
dition where it has been previously overlooked. 

The microscopical character of fermenting healthy urine is subject 







to great variety. The transformation of urea into carbonate of ammonia 
is most likely etfected through the agency of several forms of fungi 
{Mujuel, i: Jaksck, Leube, Billet, C. Fiugge, v. Limbeek^), but most 
)>rominent are the micrococci. Of these, the Micrococcus urece (fig. to6) 
may be seen in almost pure cultivations upon the surface of the fluid. 
This micro-oignniam forms in long chain-like series, and is of com- 
paratively large size. In addition to tlieac, there are tod-shaped 
bacteria of all sizes and forms, and as occasional manifestations certain 
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long spiral bacilli with lai'ge siwres, and cocci, which group themselves 
into globular masses of dark colour and varying size (fig. 107, g). 
Sarcina is also found in the urine. It is smaller than that which forms 
in the stomach, Ijeing in point of size comparable to the sarcina of the 
lung (see p. 103). 

(fc.) Pathogenic Fumji. — When recently-voided urine is found to con- 
tain a profusion of fungi, the condition is in every case serious, because 
these fungi — even though not specifically jmthogenic — may give rise to 
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serious trouble by promoting decomposition within tlie bladder. The 
circumstances which influence the development of non-pathogenic fungi 
in fresh urine have been made the subject of repeated investigations 
(Roberts, Schottelius, Reivhold).^^ The matter is still surrounded with 
a great deal of uncertainty, and it is convenient provisionally to dis- 
tinguish the "condition as idiopathic bacteriuria. According to the 
researches of Schotteliiis, it is unattended with any morbid symptoms. 
In the case of a patient who had suffered for a year from gonorrhoea and 
cystitis, and who said that he had never had a catheter passed, the 
author found the urine turbid and ammoniacal, and proliferating crowds 
of micrococci of every description. This continued long after the cessa- 
tion of sjmiptoms, and was attended with pain. 

The diagnosis of idiopathic bacteriuria must be made with great caution. The 
author had the opportunity of observing another case, apparently analogous to 
the one described above. From a communication recently made by the patient, 
however, the symptom is sufficiently explained by the appearance in the interim 
of a prostatic abscess. 

Bacteriuria is very often observed after the use of unclean (non-steri- 
lised) catheters.*^ Often (although not always) cystitis supervenes as a 
r<»sult of this. Very interesting communications on the subject of the 
decomposition of urine by bacteria have been made by Cramer and 
Albertoni,^^ 

Pathogenic fungi occur in the urine in connection with certain specific 
diseai^es, as erysipelas, relapsing fever, septic processes, typhoid, and 
tuberculosis, and it is a matter of great importance to be able to de- 
tect them. 

In introducing this subject a few general remarks are called for : — 

In the first place, there can be no doubt that large numbers of suffi- 
ciently characteristic micro-organisms may be present in the freshly- 
voided urine of infectious diseases, especially when it also contains 
albumin and casts (Kannenberg, Litien, v. Jaksch).^' In one such 
disease, namely, erysi^xjlas, the author's experience has been that, in 
all cases where the typical s^Tuptoms of acute nephritis supervened, the 
urine contained a profusion of fungi which were indistinguishable in 
their form from the Streptococcus pyogenes or erysipelatos (Fehleisen).^^ 
The urine was nearly always turbid, and while still quit^^ fresh exhibited 
these boilies in moniliform arrangement. In these cases it always 
hapiKined that the bacteriuria and nephritis disappeanvl with the cessa- 
tion of the erysiiH»las. 

That it was a true nephritis which terminated favourably in all these cases was 
sufficiently shown by the results of microscopical and chemical examination, 
which disclosed the presence of albumin, blood casts (of Groups I. and II.), renal 
epithelium, and numerous leucocytes in the urine. 
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It has been already mentioned that in septicaemic pi'Ocesses the urine 
has repeatedly been seen to hold cylindrical bodies, whose chemical 
properties showed them to consist of micrococci (Martini^ Litten^ 
Senetz).^ Weichsdbaum^ has found specific micrococci in the urine 
in ulcerative endocarditis ; Lustgarten and Manndberg ^ cocci in acute 
nephritis ; and Letzerich ^'^ bacilli in the " primary " nephritis of children. 
Mireoli ^ also determined the existence of pneumonococci-like forms in 
the urine of cliildren suffering from this disease. Further, Neumann ^ 
has found the typhoid bacillus in the urine in six out of twenty-three 
cases investigated, and Karlinski'*^ has obtained cultivations of the 
bacillus from typhoid urine in the earliest period of the disease. 
Philipotcicz '^^ hiis recognised the tubercle bacillus and the bacillus of 
glanders in urine. 

The spirilla of relapsing fever (p. 44) oc(nir very rarely, and only 
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Fia. 108.— Tubercle Bacilli from Uriniiry Sediment iu a Case of Tuberculosis of Urinary Organs 

(eye-piece III., objective ^^j, oil immersion, Reichei-tX 

when haemorrhage takes place in the kidney durhig the period of 
exacerbation ; but Kannenlterg ^^ asserts that various forms of microbes 
are detached from the kidney in very great numbers in the exacerba- 
tions of this disease. 

The recognition of tubercle-bacillus in the urine has of recent years 
been invested with great pathological interest {Leube, BoseTUftein, Babes, 
Shingleton Smith, Irsai, Benda, Kreske).'*^ Tlie method of its detection 
is the same as that already described in connection with the sputum 
(p. 104). Its presence in general points to tubercular ulceration in some 
part of the urinary tract, and most unequivocally when the bacilli 
are found to be arranged in S-shaped aggregations (fig. 108), or in 
colonies of unmixed constitution (pure cultivations). It should be 
stated, however, that Philipomcz'*^ has discovered isolated specimens 
of the bacillus in the urine in miliary tuberculosis, where there were 
no tubercular ulcers in the genito-urinary passages. The localisation 
of ulcerated patches must depend upon the other microscopical consti- 
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tuents of the urine. A\Tien these point to an affection of the kidney, 
we are warranted in inferring tuberculosis of that organ. 

A form of caseation is known to occur in the kidney which, in its gross appear- 
ances, closely resemhlcs chronic tabercolosis. And in this condition a careful 
examination, whether of the urine or of the caseous masses removed from the 
organ after death, will fail to reveal the specific hacillus. It would appear, there- 
fore, that chronic non-specific inflammatory changes, such as we are familiar 
with in the lungs, may take place also in the kidney, and lead to destruction of 
its tissues. 

WTien, in the course of pulmonary tuberculosis, the urine is found to 
contain albumin or pus, it will suggest to the physician the possibility 
of the renal complications which are known to attend the diathesis ; he 
will diligently examine the urine for the tubercle-bacillus, when the 
symptoms, after microscopical, chemical, and clinical investigation, do 
not find their explanation in the assumption of amyloid degeneration of 
the kidneys, of chronic nephritis, or cystitis. 

Actinomyces may also appear in the urine in cases where the genito- 
urinary tract is infested with it, or when it has discharged thereby 
from other parts, "^ 

In searching for pathogenic fungi, it is essentiid that the parts about 
the meatus be carefully cleansed, and the urine passed into a thoroughly 
disinfected vessel ^^ It should then be allowed to settle, and cover- 
glass preparations made from the sediment in the usual manner. In 
some cases it will be necessary to resort to Koch's method of plate- 
cultivation to obtain the various micro-organisms in an unmixed con- 
dition. Finally, the inoculation of animals will resolve doubt as to the 
cliaracter of the specific organisms obtained. 

2. Infosoria. — The author has frequently observed infusoria in the 
urine, but never when it was fresh. They made their appearance in all 
cases when it had been allowed to stand for some time, and the fluid 
containing them was generally feebly alkaline. Amongst these organ- 
isms were bodies which were similar to the cercomonad already described 
in the chapter on Fences, Hassdil ^ has giv(»n to one of the infusoria of 
the urine the name of Bodo urinarius. 

The presence of infusoria has no pathological significance. Bdlz'^^ 
observed a great quantity of Amoebce in the turbid urine of a girl 
twenty-three years of age who was affected with phthisis. These 
were of larger size than the forms already described as occurring in 
the stools. 

3. Vermes. 

1. Distoma Hamatobinm. — The eggs of this ^mrasite are often found 
both in the urinary passages and in the urine of inhabitants of the 
tropics (see p. 187). In such cases the latter furnishes other evidence 



238 THE URINK. 

of the imrasite, as blood, anil frequently abundance of fat. Tbe con- 
dition IB attended witb severe burning paius'in micturition."** These 
are momentary, and are caused by the passage' of the eggs (see p. 58) 
along the urethra, which they irritate with their sliarp angles. "With 
the last drops of urino a blood-clot is often passed. The fluid is usually 
clear, and contains blood-cells and pus, amongst which the eggs repre- 
sented in Rg. 109 are to be sought. 
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2. Filaria Sangninis Hominis.— Lewis has detected filana in the 
urine in some eases in which the blood wbs much infested by it (fig. 36), 
and its appearance was genemlly accompanied with blootl and pus. It 
is most likely this worm ivhich causes the tropical h»miituria of which 
Wiieiierer first sent an account from Kriuil. 

3. EchinococcL — The booklets and fragments of the cysts of cvhinn- 
coccus occur as a very rare manifestation in the urine (J/osZer).* In 
such cases, tlie cysts may have formed originally in the urinary pas- 
sages — and this is very exceptional— or they may have found their way 
into them by rupture from a neighbouring organ. When the booklets 
and characteristic membrane (fig. 61) are present, tlie sediment is likely 
also to contain red blood-Ror]>u8cIes, numerous leneocytes, and a quantity 
of cellular debris from that part of the urinary apparatus which has been 
injured by thi! separatiun of the cy.st. 

4. EnstrongyltlB Qigaa. — This pantHite has been said to exist in tlx- 
nrine, but the reseaivlies of Leuckarl*^ have thrown doubt ujHin the 
matter. At all events, it must be very rare. 

6. AscarideB. — In exceptional instances ascarides make their way 
from the iiiU'Stine into i\it: urinary [mssngeij. Their presence in the 
urine is usually brought aboiit by an abnormal coumunicatiun between 
the latter and the ah mentarj' canal. Scheiher^- has recently found in 
the urine nf a woman worms which he thought had been derived twrni 
the genital urguns, ami he has niuncd them Khubditis genitalis. Similar 
obscTvutiuns have iteen rejwrted by E. I'eiper, Weslplial, and Bagiv»hy?^ 
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n. CRTSTALLINE AND AMORPHOUS DEPOSIT (UKORQANISED 
SEDIMENT). — It will be convenient in treating of the inorganic deposit 
of the urine to consider, in conjunction with the microscopical appearance 
of its constituents, some of the more characteristic of their chemical and 
histochemical properties. 

Tlie colour of the sediment and the reaction of the urine >vill often 
afford some mdication of the nature of the deposit. Thus, if sedi- 
ment of a deep red colour forms when the urine has stood for a short 
time, it consists mainly of urates. The colour is then due to the pre- 
sence of urinary pigments, carried down by the deposit, uric acid and 
its salts being themselves colourless. If the depasit redissolves on the 
application of heat without the addition of acid, it is a further proof that 
it is composed of urates. 

If, on the other hand, the urine is alkaline, and deposits a white 
flocculent sediment, the latter probably either consists of pus or contains 
a large proportion of phosphates, carbonates, and alkaline urates. Such 
a sediment is insoluble by heating, but readily so in presence of acid 
(acetic acid). 

A third kind of sediment, of a mixed character, may be distinguished. 
This consists of urates and phosphates, and it forms in urine wliich 
was acid when passed, but which has become gradually idkaline from 
the supervention of ammoniacal fermentation. 

An abundant sediment of urates belongs to the urine of fever and 
renal congestion, and occurs also in healthy individuals after excessive 
persj)iration without partaking freely of water (see p. 212). It is 
thought by Mygrje ^ that the presence of such sediment, when it con- 
sists of uric acid, has a certain clinical significance, inasmuch as it is 
generally found in cases of rheumatism or renal disease. 

Phosphatic sediment is apt to form in all conditions where the urine 
possesses an alkaline reaction when passed. It does not, however, 
always indicate disease, because it may be induced by the drinking of 
aemted water and by other means. Amongst pathological conditions 
dyspepsia often occasions the deposit of phosphates, and in general 
it may be said that phosphatic sediment is associate<l >vith chronic, as 
distinguished from acute, affections. 

The characters al)<>ve referred to will serve to indicate which class 
of salts pre[)onderate in the urine. A more accurate estimation of its 
inorganic constituents can be formed only from a microscopical and 
histochemical investigation of the se<liment. 

Such constituents may be crystcUUne or amorphous. Their nature 
will further differ acconling as the [)recii)itate is an acid or an alka- 
line urine. AVe shall, therefore, consider the sediment** of acid and of 
alkaline urine separately. 
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A. Sediments of Acid Urine. 
(a.) Crystalline Deposits. 

1. Uric Acid. — Uric acid occurs in crystals, which are deeply stained 
a brownish-yellow [or red] colour, and dififer much as to their form and 
size. [The colour is due to uroerythrin, which has a great affinity for 
the crystals.] They are sometimes large and thick, in shape like a whet- 





Fio. no.— Pointed Crystals of Uric Acid 
from the Simple Urine in Congestion from 
Emphysema (eye-piece III., objective 8a, 
HeieheH), 



Fio. 1X1. — Uric Acid Crystals from the 
Urine in Congestion of Ueart-Disease (eye- 
piece III., objective 8a, JUiehert}. 



stone (figs. 107, a, and 1 10), and then commonly exhibit a dark nucleated 
centre; sometimes they are longitudinally striated spicules (fig. iii), 
and sometimes again rhombic tables (figs. 107, h, and no) with rounded 
angles. Tliey may appear separately or in masses. Their shape and 
size vary greatly, their most characteristic property being their colour, 
and through it alone they may be readily recognised. They may be seen 
under the microscope to dissolve in caustic potash, and can again be 




Fio. 112. -Oxalate of Lime from Sediment in a Case of Cystitis and Pyelonephritis 

(eye-piece III., ol^ective 8a, Reichert). 

made to crystallise in the rhombic form by neutralisation with hydro- 
chloric acid. The murexide test (see p. 71) niay be employed in appro- 
priate case« for their detection. 

2. Oxalate of Lime. — This substance crystallises in transparent, 
strongly refracting octahedra (envelope crystals), which are readily 
soluble in hydrochloric and insoluble in acetic acid (Furbringer).^ 

The occurrence of isolated crystals of oxalate of lime (fig. 112) has 
no clinical significance. They have been found in healthy urine, and 
their number may be greatly increased after the ingestion of food 
containing a large proportion of oxalic acid, such as tomatoes, fresh 
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beans, beetroot, asparagus, &c. On the other hand, oxahiria as a morbid 
state cannot be measured by the use of the microscope alone, since the 
urine may contain a large proportion of oxalic acid, whilst neither it nor 
its salts are precipitated as crystals. In such cases, the urine must be 
analysed with a \'iew to ascertaining the proportion of oxalic acid which 
it contains. 

3. Bilimbin and Hsmatoidin. — Bilirubin is deposited in the urine 
either in the amorphous form or in crystals. Crystals of bilirubin 
have a twofold character, occurring either as clusters of needles, or 
as minute rhombic tablets, and their colour ranges from yellow to 
a beautiful ruby-red. They are soluble in caustic soda, and on the 
application of a drop of nitric acid a green rim forms round them. 
Kussmaul ^ has discovered these crystals in jaundice, and Ebgtein ^^ in 
pyelonephritis. 

Hiematoidin resembles bilirubin as closely in appearance as in its 
chemical properties. The crystalline formations of the two are identical 
(see fig. 89) ; but it would ai>i>ear that hsematoidin may be distuiguished 










Fig. 1x3.— Triple Pho«phate Cry»tals from the Sediment in Cblorosia (eye-piece III.. 

objective 8a, ReichertY 

chemically from the fact that it tuii(s a transitory blue when treated 
with nitric acid (Holm^\ and is insoluble in caustic potash and sether 
(Stddeler).^^ Acconling to Hoppe-Seyler^'^ hcematoidin and bilirubin 
are in all respects indistinguishable, and the experience of the author 
lends supi)ort to the view of this great authority ; for he litis repeatedly 
had occasion to observe that, in the urine of jaundice, the yellow cellu- 
lar elements, and notably the epithelium, are stained red, passing to blue 
on the application of nitric acid — a reaction which is assumed to belong 
only to ha^matoidin, and yet in these cases there can be no doubt that 
the substance present is bilirubin (see also p. 61). 

Leydeji^^ found these crystals in nephritis gravidarum, FManek 
and Rosenheim ^^ in acute yellow atrophy of the liver, and Fi'itz ^ in 
various chronic and acute diseases, e.^., in a case of carcinoma of the 
liver, in scarlatina and typhoid. They were usually connected with 
cellular debris, and in jaundice alone were they also met with in the 

Q 
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free state. In general it may be said that the presence of such free 
crystals in considerable quantity implies an antecedent hsemorrhage or 
the bursting of an abscess — as a suppurating echinococcus cyst — into tlie 
urinary passages. 

4. Triple Phosphates. — Crystals of triple phosphate occur commonly 
in weakly acid urine, as in the fceces (see p. 197), as bodies of large size 
and of the coffin-lid form (fig. 113). They are readily soluble in acetic 
acid. Even when found in large numbers, this fact alone will hardly 
warrant the diagnosis of phosphaturia. 

5. Basic Phosphate of Magnesia. — The crystals of this body have 
the form of large strongly refracting plates, usually in the shape of 








Fig. 114.— Basic Pboephate of Magnesia (eye-piece II., objective C, Zeis*). 

elongated rhombic tablets (lig. 114). They are readily soluble in acetic 
acid, and precipitated again on the addition of carbonate of soda. They 
are found in concentrated urine of feebly acid, neutral, or alkaline 
reaction (Stein),^ 

6. Neutral Phosphate of Lime. — These crystals appear as pointed 
wedge-shaped prisms, either singly or in clusters. They are decom- 




FiG. 115.— Neutral Pboephate of Lime from the Urine of Chronic Nephritis after standing for 
twenty-four hours. The urine was feebly acid (eye-piece III., objective 8a, Reichert}. 

posed by ammonia, and dissolve in acetic acid (fig. 115). They occur 
commonly in feebly acid urine which is becoming alkaline, 

7. Sulphate of Oalcinm. — This substance is rarely present in the 
urinary sediment. It generally takes the form of long colourless 
needles, but occurs also in elongated tables with abrupt extremities. 
Amongst such crystals are sometimes to be seen masses of indeter- 
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luinate cryatalline structure (lig. ii6). Tliey are insoluble ii 

iiriil ficicls. Clinically their {ircsence is of little consequence < Valentiner, 

Fiirbringer).^'^ 




Fio. iit-Caldum 8ulph«le, Abnndmt Sadlmant («;»-plaa II., o«}«ctln C, 



8. Hippniic Acid. — Cryatnla of liijipuric nciil hnvc the foiiu of four- 
siiled prisma, and are scattered separately or in grouiw (figs. 117 and 1 1 8) 
tliroiigli tlie sediment. 

They are solulile in iiniTnonia, insoluble in hydrochloric acid. Tliey 




Fit. iij— CryiUli of HlppurlD Add (aye-piece II. , objective C. Ztiw). 

ix.-cur in considerable iinnutity after the exhibition of benzoic acid, o 
the ingestion of certain fruits, as cranbeiries and bilberries. Othenvis 
tbey iir>- a rare manifestation, and have little influence on diagnosis. 



^i^i-^ 



9. Orstin. — The crystals of tliis IxKly are seen as symmetrical hexa- 
gonal tables (fig. 119, b), suiierimpoeed U|mn or contiguous to one 
another. Tbey are insoluble in acetic acid, but readily soluble in 
ammonia. In this they differ fnmi the crystals of uric acid. 

Cystin may also be present in solution in the urine. It may then 
l>e precipitated by acetic acid. 
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When crj-atals are found in the urine which aiiavrer to the <lesi-i'i]i- 
tion given here, they should be separated by filtration or decantuig, 
the sediment waahed with a little water, and the substance in queetioii 
tested on the platinum foil. Cystin burns with a bluish-green flame, 
and without melting.** 

If cystin be boiled in caustic potasli holding oxide of lead in solution, 
sulphide of lead forms {Liehig)?' 

When heated with caustic potash on a silver plate (as ii coin), it 
loaves a brown or black permanent mark. When dissolved in a boiling 
solution of caustic potash, dilution with water anil the addition of n 
solution of ferrocyanide of sodium give a violet colour (J. Mt'Hter).^ 

This reaction, ac>:or<ling to Krtikenberg,^ belongs not to the cystin, 
but to sulphide of calcium, which constitutes an impurity of the cauRtio 
potash with wliich it lias been boileil 




Fw. tig.—n. Tyronln ; b. CTHtln ; (. Leiidn (ays-pieM II., objectlTe S>, iMritcrt). 

10. TTfHithifi — H. Berne Junes'"" once found this substance in the 
urine of a lad who had three years previously exhibited the symptoms 
of renal colic. It was seen in the sediment in the form of whetstone 
crystals, which were insoluble in acetic acid and soluble in ammonia 
(thus distinguished from uric acid). Such bodies are clinically of import- 
ance, inasmuch as they may give rise to the formation of calculi (see 
the observations of Bence Jones, I.e.). 

11. Tyrosin and Leuciii.— These substances generally occur together 
in the urine. 

(«.) Tyroein is seen in the sedimeut in sheaves of very fine needles 
(fig. 1 19, a), which are insoluble in acetic acid, soluble in. ammonia and 
hydrochloric nciil. 

To determine the character of tyrosin chemically, the seiliment con- 
taining it should be separated by filtration, washed with water, dissolved 
in ammonia with the addition of carlwnate nf ammonia, and the solution 
allowed to evaporate. The tests for tyrosin may then be applied : — 

I. A niilligramme of the substance obtained is place<l on a watcli- 
glnss and moistened with a drop or two of sidphuric a^id. The mixture 
is covered und allowed to stand for half-an-huur. It is then diluted 
with water, heateil, while still hot saturated with calcium carlxinate, 
and filtcre»l. Tlie filtrate is colourless, aud when trent»l with acid- 
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fi*ee ferric chloride (see p. 157), it assumes a violet tuit {Piria^ 
Stiidelery^^ 

2. Wlien the tyrosin is heated with nitric acid on platinum foil, it 
assumes an orange-yellow colour. The residue is dark-yellow, and turns 
reddish-yellow on the addition of caustic soda. When the latter is 
evaporated, the substance which remains is of a deep brownish-black 
colour (ScJierer),^^' 

3. Tyrosin crystals are dissolved in hot water, and the still hot solu- 
tion is treated ^vith mercuric nitrate and nitrite of |)otash. The fluid 
assumes a dark red colour, and yields an abundant red precipitate (R, 
Hoffmann and L, Meyer),^^ 

4. C, Wurder ^^ recommends the following process : — Tyrosin is dis- 
solved in boiling water and a little dried quinone is added. The fluid 
quickly assumes a deep ruby-red colour, which changes to brown after 
the lai)se of twenty-four hours. The quinone-tjnrosin reaction can be 
depended upon only when tyrosin has been isolated as the free acid 
[para-hydro-oxyphenol-amido-propionic acid], and "will not serve as a test 
unless it appears readily after the application of heat without prolonged 
boiling. Quinone alone, or in presence of phenol, gives, when boiled, 
i\ rosy-yellow colour to its s^)lutions. 

Tyrosin occurs dissolved in the urine as well as in crystals. To 
obtain it from st)lution, basic acetate of lead should be added, when a 
precipitate will form. Tlie fluid shoiUd now be filtered, and the filtrate 
freeil from lead by the addition of sulphuretted hydrogen, again filtered, 
and iwrtially evajKjrated on the water-bath. The residue is repeatedly 
extracted with small quantities of strong alcohol, and the extract 
s<*veral times boiled with weak alcohol and then allowed to evajwrate 
siKjntaneously. 

(6.) Ijeuciiu — This body, which is commonly associated ^\4th tyrosin, 
is for the most part held in solution in the urine, but to some extent 
occurs also in the sediment in the fonn of small spheres (fig. 119, c). 
The process for its detection is the same as that for tyrosin. It may be 
seimrateil from the latter by crystallisation from a watery solution, and 
then purified by recrystallisation from a solution of ammonia in boiling 
alcohol. Wlien quite pure, leucin crystallises in delicate plates ; when 
impure, it forms little bulbs of amorphous structure. It may l)e knowni 
liy the following tests : — 

1. A sc>lution containing leucin, when heat<»d with proto-nitrate of 
mercur5% dejKwits metallic mercurj' {Hofineister)}^ 

2. When consumed with nitric acid on platinum foil, it leaves a 
colourless residue. This, when heated with caustic jwtash, forms drops 
«»f an oily flui<l which does not adhere to the platinum (Scherer),^^ 

Tyrosin has been found in the urine in conjunction %vith leucin in 
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pliosplioriis [loisoiiing, acute yellow atrojiliy of the liier, unJ several of 
tile infectious iliseases (Frerichs, Sekultien, Reiss, Pouehet, A. Frdnlel, 
Blendermann, A. Irmi).'^''' 

It is probable, however, that in some iiistauces where these- bodies 
were supposed to Iiave been in the urirte they were not fiiifficiently 
identified ; and it is within the author's experience that a ilejxisit has 
Te[>eiitedly been taken as consisting of tyrosin, until subsequent chemical 
analysis exptiseti the error. iV)M"*has found abundance of leucin in 
the urine in casi-s of Icukiemia. 

13. Soaps of Lime and Uagaesia. — In tlie urine of various diseases 
nre often found crystiils bearing a very dose resemblance in form to 
those of tyrosin {v. JaA'Kk), but possessing distinctive cliaracters of 
their own. Tlie nccoiniiaiiying illustration (fig. 120) represents such 




crystals, which the author had th(- iip|Kirtunity of examining once oidy 
in tolerable abundance. Tliey occurred in the sediment from the feebly 
acid lu'ine of a woman with severe pueq>eral septictemia. Tliey are 
obviously very similar to those of tjTosiii, liut yieliled none of the 
clwnicteristic reactions of that body as given above (1-3). Tlio material 
was not sufficient for further analysis ; Imt it api>eared from the Ut- 
havinur of the suljstance in question with regard to soIul»ility, &c. (see 
p. 196), that it was probably fomieil of the lime and nuignt-sia salts of 
the higher fatty acids. 

(b.) Amorphous Deposits. 

1, Urates. — Amorphous urates have tli<' apix-araiice of linu granules, 
disposed singly or in masses. They are entirely dissolved by heating 
or the nildition of acids, and the sediment when treated in this way 
exhibits fiee uric acid, for the most part in the fonn of rhombic tablets. 
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2. Oxalate of Lime. — The envelope crystals of oxalate of lime have 
l)een already described (see p. 241). This substance appears also as 
dumb-bell-shaped figures. They are unaffected by acetic acid, and dis- 
solve in concentrated solution of hydrochloric acid.^^ [The oxalate of 
lime dumb-bell is really a disc %vith a central depression on either face, 
and it presents this appearance when seen sideways {F, Taylor),^^^ 
Such formations result from slow precipitation in presence of colloid 
matter (Oniy^^] 

3. Sulphate of Oalcinm. — In addition to its crystalline form (p. 242 
and fig. IT 6), sulphate of calcium in the urine takes the appearance of 
dumb-bell-shaped amorphous masses, which are insoluble in ammonia 
and in concentrated solutions of hydrochloric acid. 

When the sediment contains this substance in considerable quantity, 
it may be separated from the other constituents by decanting, filtering, 
and washing in cold water. It is then dissolved in a large bulk of hot 
water. If to one portion of this solution a quantity of chloride of 
barium l)e added, a precipitate of barium sulphate forms, and this is 
insoluble in nitric and in hydrochloric acid. If another ix)rtion be 
treated with ammonium oxalate, a precipitate of oxalate of lime falls. 
This precipitate is insoluble in acetic and soluble in hydrochloric and 
nitric acids. 

4. Brown and Yellow Concretions. — The urinary sediment may 
contain such concretions either free or associated with cells, and con- 
sisting of hsematoidin or of bilirubin, which, as we have seen, is j)erhaj>s 
indistinguishable from haematoidin. According to //o/;w,^*- when a 
substance of this sort is found to be soluble in caustic potash, and 
exhibits a coloured ring, of which green forms one zone, on the appli- 
cation of nitric acid, we are to assume that it consists of bilirubin. 
When, on the otlier hand, it is insoluble in caustic potash, and colours 
transitorily blue with nitric acid, he would siippose that it is formed of 
hsematoidin. 

5. Fat. — Fat is dei>osited in the form of strongly refracting globules 
of varying size, which are readily soluble in aether. It may be present 
in the urine in small quantities after the fracture of bones, and in chronic 
inflammation of the kidney, attendetl with much fatty degeneration of 
that organ. It occurs in greater abundance, however, only in chyluria, 
which for the most i>art depends upon the action of certain worm 
parasites (Distoma hiematobium and Filaria sanguinis hominls), and in 
phosphorus jwisoning. We shall have o<Jcasion later to revert to the 
subject of chyluria and lipuria. 

B. Sediments fh>m Alkaline Urine. 
(''.) Crystalline Deposits. 

1. Triple Phosphate. — The crystals of triple phosphate deixwiteil in 
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alkaline urine exhibit n very ^at diversity of character, especially 
when newly formed in the process of »mmoninc«l fermentation. They 
may be 6e«n under such circumatancex to resemble snowflakes, or again 
as peculiar jagged figures, resembling flags or elder leaves (figs. 1 1 3 and 
1 31). Tlieir most permanent and characteristic form, however, is that 
of large colourless and more or less perfect coflin-lids or knife-rest form. 



M\> 




2. ladigo. — Lidigo occurs in the urine ns concretions and aiuorphous 
fragments, and also in the form of blue crystals and fine blue needles, 
wliich mostly cohere in clusters. Crystals of indigo are no very rare 
manifestation in decomposing and fermenting urine. They are derived 
from the decomposition of sulphate of indoxyl. Tliis substance was 
found to be present in remarkable abundance during the process of 
iimiiioniacal fermentation in the urine of jaundice, from a patient with 
hypertropliic cirrhosis of the liver. The urinary sediment, in the case 




of abscess of the liver, was recently examined by the author. It con- 
tained numerous indigo crystals, and Imd an acid reaction (fig, laa) 
{v. Jakadt). 

[Dr. Old "^ has observed a detwsit of indigo ui tlie alkaline urine of 
a iwticnt who liad long auffereil from enlarged i>rostate. In this case, 
besides jiure indigo, there were several bodies stained by that substance. 
Among them were crystals of urates and phosphate, ei»ithelium, yeast 
cells, and bacteria. In this way, as Ord |)ointB out, the form of the 
indigo b determined by tlie form of the bodies on whicli it is deposited.] 
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3. Urate of AmmoniA. — Urate of ammonia funiiii spherical bodies, 
(lark in colour aiid of varying size. Their circumference ia beset with 
radiating spicules of crystalline structure {fig. 133). [Hence they are 
known as hedgehog eryattds,] They are soluble in hydrochloric and 
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acetic iicid, with the forniatioii of uric acid, which is JeiMsited in the 
fnrm of rhombic tables. 

4. Phosphate of Kagneilla. — Tlie crystals of this salt have been 
already (fig. 1 14) sufficiently described. 

5. dtolesterli). — Crystals of choleateriii are very rarely to be seen in 
the urinary sediment. The author has obsen-ed tliem but once, and 
that was in the case of a man who suffered from tabes and cystitis. The 
cliolesterin took forty-eight hours to deposit in crystals. The urine 




when freshly voided lta<l a slightly acid reaction, was turbid, and when 
dhaken, a great numlwr of scaly (mrticlea could lie seen in it with the 
naked eye (fig. 124). 

({'.) Amorplious Deposits. 

1. Tlie large, dark-coloured, spherical bodies represented in fig. 133 
consist of urate of ammonia. Tliey are distinguished by their solubility 
in acetic and phosphoric acids, with the simnltaneoun degHtsit of rhombic 
tables of uric acid. 

2. Larger or smaller |)article8, which dissolve in acetic acid without 
the evolution of gas : batic photpkatic earth*. 
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3. Particles of varying size, wliicli iire soluble in ncetjc acid witli the 
evolution of gas ; cm-bonatee of the alkaline earths. 

4. Duml>1>ell-sliape<l masses and coiireely grnnnlnr coiicretious, di«- 
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solving in acetic ncid with the evolution of f^as ; carbonate of liwe 
(fig- "S)- 

5. Indigo. 

III. Urinary Concretions. 

CtJucretioRs of considernhle size are occasionally to 1>e seen with the 
naked eye in the urine (urinary sand). They consist for the most jiart 
of urates, or of umtes and tiric acid together. Their recognition is of 
great consequence in the diagnosis of renal colic (nephrolithiasis). These 
concretions arc usually more or less stained, and tlieir constitution may 
be readily detemiineil by the tests already jjiven for tlie comiwumb of 
uric acid (p. 340). 

Pliosphatic concretions of lai^er size occur more nirety, Tliey arc 
light-coloured and of little consistence. 

Other concretions occasionally to l)c met \viW\ in thw urine are those 
of cystin, xanthin, oxalic acid, and indigo {Onl, H. Chiari).'^* Those 
of the last-named substance are easily recognisable by their colour. 

In a case which occurred in the author's clinic, and which proved fatal from 
uncmia, the right kidney was foand to be cjstio, and it contaJned a lar^ 
qaaRtit7 of crjstalline concretions. These were ascertained by the author's 
colleague, Hofmelster, to consist of oxalate of lime, an insoluble proteid, and a 
derivative of blood pigment. 

The constitution of these Ixnlies is dealt with at greater length in 
the ordinary text-hooks on the cheniistry of urine (see Huppert, Hoppe- 
Seijler, and Letihe-Saihnirnki). 

IV. Foreign Bodies in the Urine. 

As occasional impurities of the urine may ho enuniemted fatty par- 
ticles (often introduced with the catheter), fibres of silk, linen, and 
wool, particles of feathers and wood, and starch granidcs, the latter 
being employed as stan:h jHiwiler Jn medication of the urethra. 

Tile ap|)Piiranre in the urine of substances Iwlouging to the fseces is 
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a fact of serious import. In draAring a conclusion from their presence, 
care, of course, must be taken to ascertain that they wen* actually passed 
with the urine ; and when tliis is so, they are evidence of an abnormal 
communication between the urinary passages and the gut. 

Fragments derived from tumours, as Siircoma and carcinoma, may 
find their way into the urine by invasion fi*om neighbouring organs 
(see p. 233). 

Hairs have been known to be pa.ssed with this fluid (pilimictio). 
They have generally l)een derived from dermoid cysts in the urinary 
passages. Sometimes they have been conveyed by accident or design 
(hysteria) into the recipient vessel. In very rare cases gases are voided 
with the urine (pneumaturia) in considerable quantity ; but when this 
has occurred, there has, as a ride, been an abnormal communication 
between the urinary passages and the intestine (see UijdrothionunaY 
It must, however, be borne in mind that gas may be freely generate<l in 
the bladder by spontaneous decomposition of the urine. 

Thus Ft\ MiUler ^^^ reiX)i-ts the case of a man of sixty yeai's, sufter- 
ing from severe cystitis, where the urine held sugar and a numl>er of 
gases — namely, hydrogen, nitrogen, carbonic acid, and probably methan. 
Senator^^'^ has observed a similar condition. 

m. CHEMIOAL EXAMINATION OF THE UBINE. 

A. Organic Substances. 

1. Proteids. — We shall begin with the consideration of albumin, 
which is the commonest of all the morbid constituents of the urine. 

It is still an o\^e\\ question whether albumin ever occurs in consider- 
able quantity in the urine of health. For whilst, on the one hand, the 
older authorities (as Frerichs^ Vog^Iy and Ultzmann ^^') have recorded its 
occasional presence in healthy urine, and the more recent investiga- 
tions of Leube, FiirMngery Seriafor, and C, Pfmier^^^ would seem t4» 
have established the |)Ossibility of a physiological albuminuria, the 
researches of r. Noorden ^^® are not less decisive in the op^wsite direc- 
tion ; and Leube an<l Wintemiiz ^^ from recent very careful experiments 
conclude that not eueri/ urine conUiins albumin. [Orain(/er Stefcart ^'^^ 
has found that albumin is occasionally present in very minut<»- quantity 
in the urine of |)ers^>ns apparently healthy ; and he believes that in some 
cases it is derived from epithelial and otht^r debrtM after the urine has 
l)een secreted at the kidney.] 

For the purpose of such investigations the following plan may be adopted: — 
Normal urine is taken, and it is first ascertained to be free from bacteria and 
from albumin, as shown by the ordinary methods. It is next distilled in vacuo 
at a low temperature (35^ to 37^ C), and the residue, with the included sediment, 
is either tested directly, in the manner to be indicated at p. 255, or it is first 
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treated with alcohol ; and of the sediment which remains when the spirit has 
been driven off, one part is dissolved in water, another in acetic acid, and a 
third in caustic potash, and the solutions submitted to the tests described at 
p. 255 {AnscJiUtz).^^ Proceeding in this way, it will be found that Leube^s state- 
ment concerning healthy urine is entirely correct, and not a trace of albumin 
can be shown in it. In the urine of certain diseases, on the other hand, as in 
valvular heart-disease with compensating hypertrophy, where the most sensitive 
tests directly applied will fail to evince the presence of albumin, it can readily 
be shown in the concentrated fluid obtained as above. 

It may at all events be confidently stated that the urine occasionally 
holds a variable quantity of albumin as a temporary constituent, whilst 
at the same time the kidneys exhibit no alteration of structure, and its 
presence in such ease^ is to be attributed to a sudden disturbance of the 
circulation (see Schreihei^'a exi)erimental albuminuria). To the same 
C4itegory of causes must be ascribed the conditions similariy observed by 
Stilling in apparently healthy boys, and by Ringstedt^ Heuhner, and 
Washlniim.^'^^ [Pavys ^^'^ " cyclical albuminuria " occurs during the day 
and disappeai's during the night. It seems to be caused l)y the erect 
jwsture. Moxons^'^ remittent albuminuria has probably the same 
significance. Fagge^'^ has described a paroxysmal albuminuria which 
he believed to be a form of hsemoglobinuria, where globidin resulted 
from the decomposition of haemoglobin. The condition is occasionally 
associated with the deposition of oxalates. Finally, a temporary albu- 
minuria may depend upon diet or be induced by exercise {Taylor)}^^ 
Albuminuria of the like cause and import sometimes occurs, as FalJcen- 
heim ^^s has remarked, in connection with morbid states. [The abuse of 
mori)hia is recognised by Huchard^'^ and by Haig^^ as a cause of 
albuminuria, dependent probably on vascular disturbance.] Virehmc 
originally, and after him many other observers, have shown that the 
urine of nowly-lx)rn infants often contains albumin. ^^^ 

Bright ^^*- in P2ngland was the first to determine the coiuiection 
Iwtween renal disease, dropsy, and albuminous urine, and after him 
the labours of such men *as Chi-istison and Rayet^ Frericlis and Trauhcj^^ 
formulated what was known of albuminuria as a clinical symptom. 
For a long time it was thought sufficient merely to determine the 
presence of proteid matter in the urine, and the further question was 
not rjiised as to whether it occurred in more forms than one. It is now 
estal)lished on clinical and physiological grounds that, in addition to 
senun-albumin, the mine may contain globulin, peptone, albumose, oxy- 
hsemoglobin, mucin, and filmn ; and it is obviously imix)rtant to be 
able to distinguish between these bodies. At present, the chief clinical 
interest attaches to serum-albumin, peptone, and albumose, for by 
methods now well established we can readily separate each of the^e 
from the others. The very simple methods which Kauder and PoJd ^^ 



ALBUMIN. 253 

(of Hofineister^s laboratory) have recently communic'ate<l for the detec- 
tion of globulin in serous fluids and urine have placed us in the same 
favourable |X)8ition with reference to that bmiy, and by their aid we may 
hope soon to leani whether glebulinuria also exists as an independent 
condition. In view of their importance in this connection, we shall 
describe these* methods with the others. It follows from what has Ijeen 
said that albuminuria is of different kinds, and we may distinguish : 
(i) Serum-album inuria, which alone will l)e imderstood to be meant 
by the term "albuminuria" in the following pages; (2) Peptonuria; 
(3) Albumosuria ; (4) Globulinuria, which as yet is not kno^vn to <x;cur 
by itself ;^^^"( 5) Fibrinuria; (6) Hsematuria (see p. 270); (7) Haemo- 
globinuria ; and (8) Nucleo-albuminuria (Mucinuria). 

1. Albaminnria. — Under this heading we shall group those states 
in which the urine is found to contain serum-albumin, in combination, 
perhaixs, with a variable proi)ortion of globulin. 

The author has come to the conclusion, as the result of repeated analysis, that 
the urine of serum -albuminuria does not invariably contain globulin. 

Senim-albumin in notable qtuintity is never fmirul in healthy unne. 
Its appearance is in all cases a morlnd symptom of fp'eat importance, 

Tlie albumin of urine may be derived from the kidney (renal albu- 
minuria), or by admixture from parts in the urinary passages beyond 
the kidney (contingent, accidental albuminuria). 

(a.) Benal Albuminuria. — This fonu of albuminuria, wliich is at 
(mce the commoner and the more s(»rious, dej)ends in all cases upon dis- 
turbance of the renal functi(»ns, and such disturbance may be due to 
various causes. By far the most frc^quent of these are inflammatory 
and degenerative changes in the structure of the kidneys. It shoidd be 
mentioned here that where such processes in the kidney are the under- 
lying cause of albuminuria, we cannot always infer their extent and 
severity from the quantity of albumin eliminateil. So far indeed is this 
from being the case, that there are certain fonus of renal disease of an 
esi)ecially serious chanicter (granular kidney, red atrophy), in which the 
urine contjiins only traces of albumin. Another cause of albuminuria 
is found in disturbances of the circulation of different kinds, ])rovide<l 
only that such disturlmnce extends to the vessels of the kidney. It 
must, however, be \\onw in mind that errors of the circulation, when 
of long continuance, may effect changes in the stmcture (congestion) of 
the kidney. 

To disturbances of the circulation shouM })orhaps be referred the 
temi)orary albuminuria of epileptic paroxysms {M. Hujtpert^^), and 
that which Schreiber ***" induced exi)erimentally by (rompression of the 
thorax in healthy iH»rsons. l*oasibly, also, that fonii of albuminuria 
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which often sets in in iiciite enteritis should be mentioncjcl here {Singer^ 
Kohler)}'^^ As a i)ermanent condition referable to renal congestion may 
be mentioned th(i albinninuria of emphysema, heart-disease, weakened 
heart, &(;. 

To a third class of causes is to be ascribed the albuminuria of fever 
{Leydeti)}^'^ The circumstances which promote the elunination of albu- 
min in the febrile state are manifold. In the first place, the accom- 
panying changes in blood- pressure would be alone sufficient to account 
for albuminuria. Then it is known that a long continuance of the 
febrile processes is competent to induce structural alterations in the 
renal epithehum, which in their turn lead to albuminuria. It is con- 
ceivable, again, that the sj^ecial c^use (fungi) in certain fevers exerts 
an imme<liate influence in the matter, since we find that in many 
infectious diseases the proliferating micro-organisms are eliminated in 
large quantities by the kidneys (see p. 233). The admirable experi- 
ments recently undertaken by H. Ijyvenz ^^ lend great support to the 
theory that the albuminuria of fever depends directly upon certain 
histological changes in th(* renal epithelium, especially afiTecting the 
" rodded " lining cells. 

There is a fourth form of albuminuria to Ix^ distinguished in resj)ect 
of causation from those already mentioned. It occurs in anaemic and 
enfeebled individuals, independently of kidney-disease, disordered cir- 
culation, and the febrile state ; and can be accoimted for only by 
iissmuing changes in the constitution of the blood, of such a character 
that, whilst the structure of the kidneys remains intact, and the blood- 
pressure is not appreciably altered, albumin is allowed to exude with 
the urine (r. Bamberger's hsematogenic albuminuria).^*^ 

It still remains to say a few words regarding that variety of albu- 
minuria which is intermittent in character. In the author's exi)erience 
it occurs under the most varying circumstances, and may be either 
renal or accidental ((/.r.) in its origin. A lumil^er of observations of the 
kind recently published by Bull, Mareau, Klemperer, Canfield, and G. 
Johnson ^'*- have proved its occurrence in health, where, no doubt, it is 
due to the circulatory disturlmnces already referred to. 

In the course of a chronic or of an acute nephritis, it will often 
happen that albumin is foimd to be temporarily present in the urine 
(t\ JaJiSch).^*'^ When tliis is so, a careful microscopical examination 
of the fluid, at a time when it is free from albumin, will usually dis- 
close the presence of formed material (casts and renal epithelium) by 
which the existence of a nephritis may be known. Such intermittent 
albuminuria belongs especially to contracted kidney. In a ciise of this 
<lisease, if the quantity of urine passed in the twenty-four hours be 
collected together and examined, it will nearly always be found to con- 
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tain albumin ; Imt if the same urine he examined in seimrate jwrtions 
at shorter intervals — say of one or two hours — it will be found com- 
l)aratively often that that which is collected in the forenoon is devoid 
of albumin. But it is not in connection witli kidney-disease that inter- 
mittent albuminuria is most apt to occur. It is more often associated 
with affections of the ureters and urethra, and especially with chronic 
inflammation of the prostatic portion of the latter. In this connection 
the urine first passed in the morning is generally turbid, and contains 
albumin, derived no doubt from the pus cells in the fluid. ^** FcUken- 
ketm^^ has recorded a remarkable case of intermittent albuminuria, 
caused by the pressure of a tumour on the left kidney. In Pavifs 
disease, it is i)robable that a careful microscopical examination would 
show evidence of an underlying nephritis (see Merley)}^ From what 
has been said above of the various forms of renal albuminuria, it will 
l)e seen that this condition is in itself a symptom of very ambiguous 
significance. Taken with the other physical and microscopical appear- 
ances of the urine — but only in conjunction with these — it will afford 
a valuable indication of kidney-disease. It must be borne in mind that 
we are never warranted in inferring the existence of a renal affection or 
of a nephritis from the mere fact that tlie urine contains albumin. This 
was the error of former times. 

(b,) Accidental Albnminuria. — The appearance in the urine of albumin 
derived from a source other than the kidneys is a symptom of much 
slighter consequence. It may come from the renal i)elvis, the ureters, 
the bladder, or the urethra, or through an abnormal communication 
from neighlx)uring parts, e.g., the lymphatics or thoracic duct In 
general, a positive judgment as to its source may l)e formed from the 
result of chemicid and microscopical investigation. Thus, for instance, 
if the urine exhibits but little sefum-albimiin and a considerable pro- 
portion of i)us ceUs, the inference is that the former is obtained from 
the migration of leucocytes in some part of tlie urinary imssages just 
mentione<l. The absence of renal casts and epithelium, moreover, goes 
far to exclude the i)Ossibility of renal albiuninuria. 

Determination of Albnmin (Sernm- Albumin). 

(a.) Qnalitative Tests. — The tests at our disposal for tlie recognition 
<»f albumin are very numerous. The reactions which we shall describe 
here are all more or less to be dei)eniled upon; but there are some 
amongst them which will engage a laiger share of our attention, and 
they are those which years of clinical experience have shown to be esi)e- 
cially reliable. Moreover, when applied in the onler in which they are 
given, they will affbnl a tolerably accurate means of discriminating the 
various fonns in which albumin occurs in the urine. 

I. Nitric Acid and Heat Test. — A i)orti<m of the urine is boiled, 
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and a small quantity (j\y to ^\j its volume) of nitric acid (sp. gr. 1.18) 
added to it. Should a precij)itate form on boiling, this may consist 
either of albumin or of phosphates. If it dissolves on the addition of 
acid, it is composed of phosphates ; if not dissolved in presence of the 
acid, and if increased thereby, it is albumin (acid-cUhumin), 

The application of this test, however, is oj)en to certain fallacies. 
In the first place, if there be but little albumin present, the quantity 
of acid usually added will be relatively in excess ; and under these cir- 
cumstances the albumin may combine >vith the acid to form a soluble 
nitrate when no precipitate remains. Where, on the other hand, both 
phosphates and albumin are present, if the acid employed be too little, 
a portion only of the basic phosphates may be changed into the con*e- 
sponding acid siilts, while the albumin enters into combination with 
the rest, and remains in solution as an albuminate (union of albumin 
^vith a base). 

Another occasional source of error is the formation of a precipitate 
of uric acid. Such a precipitate, however, can usually be known by 
its deep brown colour, and from the fact that it is never flocculent. 
Moreover, it does not fall until the specimen begins to cool. 

Finally, the test may be misleading in cases where the urine contains 
a considerable quantity of resinous acids (pine acids), as happens, for 
instance, after the use of copaiba balsam. These acids (pinic and 
pimaric acids) are then precipitated by heat, but can be readily dis- 
tinguished from albumin by their solubility in alcohol. 

The heat and nitric acid test will serve for the detection of semm- 
albumin, globulin, and, where the precipitate falls on cooling, albmnose, 
but not for that of p(»ptone. 

2. Acetic Acid and Fen'ocyanide of Potassium Test. — The urine is 
filtered, and to the clear filtrate a large quantity of acetic acid (sp. gr. 
1.064) and a few drops of a 10 per cent, solution of ferroeyanide of 
potassium are added. If albumin (serum -albumin) be present in con- 
siderable quantity, a flocculent precipitate forms ; when nierely a trace, 
the fluid becomes turbid or slightly opalescent. 

In the latter case, it may be necessary to compare it with the filtered 
urine, in order to estimate the change in its appearance. It will also 
happen, especially when it contains micro-organisms, that the . fluid 
cannot be rend(*red clear even by repeated filtration ; and here again 
the comparis(.>n will lie between the simply filtered fluid and that to 
which th(* r(*agents have been added. In the first instance a minimal 
turbidity, in the second an increase, shows the presence of albumin. 

This is a most satisfactory test, and by its means very minute quanti- 
ties of albumin may be detected. The best and most accurate results, 
however, may be obtained from its application in the following manner: — 
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A mixture containing a few cubic centimetres of fairly concentrated 
solution of acetic acid and a little ferrocyanide of ^x^tassium is freshly 
made in a test-glass, and cart»fully inured upon the surface of the clear 
filtered urine in a test-tube. If the merest tnices of albumin be pre- 
st»nt, a white ring forms at the \K)int where the two fluids are in ccm- 
tact. For ferrocyanide of ix>tassium platinocyanide of i>otassium may 
l>e su Instituted. The test is then just as accurate, and the advantage of 
this reagent is that its solution is colourless. 

By this method the presence of semm-alhuminy fjlohtUiny Jind atbU" 
mosp, but not of inei)tone, can be ascertained. 

3. Biuret TestM' — The urine is treated with caustic |X)tash, and a 
dilute (10 \\ev cent.) solution of sul])hate of copper is added, drop by 
drop, with a pii>ette. If albumin be present, the resulting peroxide of 
copper (a green i)i*ecipitate) is dissolved, and the fluid assumes a reddish- 
violet colour. 

This test serves for albumin^ albumose, glohnlin, and peptone. The 
latter substance, however, strikes ivd, not violet^ in the fluid. 

4. Heller's Tetft,^*^ — The urine is jKJured carefully, so as to fonn a 
layer on the surface of some nitric acid in a test-tulje. At the junction 
of the fluids a white cloud fonns in the shape of a ring if albumin be 
jiresent. This test is very accurate* ; but it is not to be recommended 
for general use, l)ecause, in the case of \mdiluted urine, the deposition 
of uric aci<l is apt to cause a brown discoloration, which may easily be 
mistaken by the inexi>erienced for the clo\iding of albumin. After the 
\ise of cojwilw balsam, too, a similar ring may fonn. 

This reaction is also the ]yasi8 of an admirable method for approxi- 
mately estimating the i)roportion of alb\miin in the urine (see p. 260). 

There are a nnmbcr of other tests for idbumin of a more or leKs accurate and 
])racticable character, and to some of these allusion must be briefly made. 

Ilejfnsiiii* TeH,^^ — The urine is to be rendered strongly acid with acetic acid ; 
a few cubic centimetres of a satarated solution of chloride of sotbum are added, 
and the mixture boiled. The presence of albumin is sliown by the formation of 
a ilocculent precipitate. Very small quantities can be detected in this way. 

[Potafio'MercMrie Iodide Teat (TanreVt Reagent). — This was found by a com- 
mittee of the Clinical Society ^"^ to be the most delicate of a series of reagents 
examined by it. Tanret's reagent has the following constitution :— Mercuric 
chloride, 1.35 grms. ; potassium iodide, 3.32 grms. ; acetic acid, 20 cc. ; water, 
64 cc. Tlie reaction may also be obtained by Hdlert metho<l. Serum -albumin, 
peptone, albumose, alkaloids, and bile adds are precipitated by the reagent. It 
may be conveniently employed by means of test-papers.] 

Hittdcnlanff^B {Metaphospkoric Aeid) Tett.^^^U to urine which contains albumin 
a little solid mctaphosphoric acid be added, a precipitate or turbidity formi. 
This test is verv convenient, but ^ill not suffice where onlv a trace of albumin 
occurs. The author has repeatedly failed to obtain with it any indication of this 
substance, while the application of tlie acetic aci<l and ferrocyanide of potasiinni 
method exhil>ite<l its presence. On the other hand, he can confirm the state- 

R 



258 THE URINE. 

merits of PenzoLdi and r. Noordeny^^'^ who maintain that a precipitate can often hv 
obtained by this reagent with urines with which all other albumin tests yield 
negative results. 

Fiirhringer's Method^^ of testing with chloride of mercury and sodium has 
been sho^'n to be very convenient, especially when the reagent is used in the 
form of capsules (StUtz's capsules) ; but it has no other advantage over those 
previously described. The use of test-papers also (as Oeissler's) in examining for 
albumin, which has of recent years come into vogue in England and on the 
Continent, does not seem warranted by experience. 

The Picric Acid Tent of Dr. Geoj'ge Johnaon^^ is sensitive, but it is not alto- 
gether accurate, since this reagent will effect the precipitation of alkaloids and 
kreatinin (Jafft^^^) in the urine. It must, however, be studied, for it has become 
the basis of a well-known method for the approximate estimation of the quantity 
of albumin in that fluid. In this connection it will engage our attention later on 
(p. 262). 

Colour Ptactions. — Finally, the albumin group yields a number of colour re- 
actions, many of which are applicable to the purpose of detecting its members 
when contained in the urine. Amongst these are the biuret test already men- 
tioned, and Millon's reaction. The xanthoproteic test, and the colour-reactions of 
M. SchultzCf Adamkiewicz, and Frohde^^^ hardly call for special mention here, since 
their application chemically for the determination of serum-albumin has no 
advantage which does not belong to the methods adopted in the text. For par- 
ticulars concerning the use of sulphuric and hydrochloric acid as colour tests for 
albumin, the reader may consult LiebermauH^ C, Wurster, and E, SalJcotoski,^^'^ 

MiUon's Reaction calls for fuller notice. If to a solution containing albumin 
mercuric nitrate be added, and heat applied to boiling, the further addition of 
potassium nitrite will cause the precipitate (if any) and the supernatant fluid to 
turn red. The reaction is common to all the monohydroxyl-benzol derivatives 
(0. Na^Bc'^^), As a test for albumin it is somewhat ambiguous, inasmuch as it 
can also be obtained from members of the aromatic series. In this connection 
we shall have occasion to refer to it again. 

Schick ^** has applied ZotLchMs '*^ proteid test to clinical purposes. It has no 
advantage which does not belong also to those described at pp. 255-257. A, B. 
Cohen '<^ advocates the use of potassic iodide and the iodide of bismuth and 
potassium in acid solutions. He claims for this test greater accuracy than it 
possesses, since alkalis are thro"wn down by it as well as albumin. 

0, Roch and /. A, MaeicUliam^^ have employed salicyl-sulphonic acid as a 
means of discriminating serum-albumin from albumoses and peptone. Salicyl- 
sulphonic acid is readily soluble in water, and if a concentrated solution be 
added to an acid urine which contains albumin, a turbidity or a precipitate 
(according to the proportion of albumin present) will result. Should peptone or 
albnmoses be also present, this precipitate diminishes on boiling, and recurs 
when the mixture cools. An acid reaction is necessary for the application of 
this test, and should the urine be alkaline, it must be treated previously with 
acetic acid. In the author's experience, the test is very suitable for distinguish- 
ing albumin from albumoses and peptone, as MacwUliani ^^^ has pointed out. V. 
Enffcif however, contends that it is not in any way to be preferred to the method 
given on p. 266.*'* 

[Macwilliam applies the test in the following way : — About 20 drops of the 
urine is placed in a very small test-tube, and one or two drops of a saturated 
watery solution of the reagent is added, or a little more if the urine is strongly 
alkaline. The tube is rapidly shaken and the fluid at once inspected. Oixal- 
cscence or turbidity recurring immediately, t.r., in one or two seconds, is an 
indication of greater delicacy than the cold nitric acid test. If turbidity appears 
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after a longer time, as from one-half to two minutes, this implies the presence of 
a very minute trace of albumin. The fluid is next boiled. The precipitate, if 
due to serum-albumin and globulin, does not disappear, but becomes flocculeut, 
while a precipitate from the presence of albumoses and peptone clears up before 
the boiling-point is reached. For salicyl-sulphonic acid as a test for deutero- 
albumose and peptone, see p. 268.] 

The first three tests described above (pp. 255, 257), when taken to- 
gether, afford a means of discriminating between the different forms of 
albumin which are apt to occur in the urine. 

(i.) If in a given case the tests 1-3 shoidd all give positive results, 
it may be c(mcluded that the i)roteid present is in the form of senim- 
albumin, usually in conjunction with a small proportion of globulin ; 
but the presence or al)sence of p<»ptone or albumose in addition remains 
undetermmed. 

(2.) If the urine ccmtains but a small quantity of serum-all mmhi 
alone, only the first two tests will give any result. 

(3.) If the first test fails to disclose the presence of albumin, while 
a precipitate is formed on the addition of acetic acid in the second, this 
may consist of mucin or resinous acids. In the latter case, it is soluble 
in alcohol. 

(4.) If, on the application of test i, no result is at first obtained, but 
a precipitate forms on cooling the specimen, this precipitate may be 
removed by filtration and tested by test 3 (biuret test), when the charac- 
teristic reaction will point to the presence of albumose. In such a case, 
the inference is strengthened if the pure or diluted urine resjx^nds to 
test 2, and if test 3, when applied to the urine directly, produces an 
abundant precipitiita Further investigation may then be conducted in 
the manner indicated at p. 269. 

(5.) Again, if test*< i and 2 are unattended with any result, if acetic 
acid alone will not cause a precipitate, and if test 3 at the same time 
discloses the presence of albumin, it may l)e concluded with certainty 
that the urine contains a large proportion of peptone. This condition 
is doubtless very rare. Tlie author has met with it several times — 
re|>eatedly in the resolution stage of severe pneumonia, and further in 
a case of acute rheumatism, when serious and extensive joint symptoms 
were mpidly disapj>earing under the influence of preparations of sjdi- 
cylic acid. For the more accurate determination of [leptone, it will 
usually be necessary to resort to the method describeil at j). 266. 

By proceeding in the order indicateil, it will be pi>ssible to fonu some 
judgment as to the character of the proteids under investigation, and 
this, as we shall see presently, is often a point of interest clinically. 

(P,) Qnantitatiye Estimation of AlbnmiiL 

I. By tceighf, — A certain quantity of the urine — 60-100 cc, accord- 
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ing as it is rich in albumin or otherwise — is phvced in a beak(»r, and 
heated on tlie water-bath. A two i)er cent, solution of acetic acid is 
then added, drop by drop, luitil the albumin has separated in flocculent 
masses, when the fluid is boiled, and passed through an ash-free filter 
of know^n weight. The precipitate on the filter is washed successively 
with water, alcohol, and aether, iuid h(»ated to a constant density at 
i2o'-i30° C. The filter is again weighed, and the diflerence in weight 
due to the i)recipitate is that of the albumin in the quantity of urine 
tiiken. Devoto's^^^ plan is still better. The albumin is prexripitated 
with ammonium sulphate, coagidated in the steam-Tiath, and the pre- 
cipitate washed with boiling water until the filtrate no longer l^ecomes 
cloudy on standing, or Avith the addition of sodium cldoride. The 
precipitate is then washed wuth alcohol tmd aether, and the remamder 
of the process is conducted as l)efore. To ensure greater accuracy in 
the result, it will be necessary to ascertain the amount of ash in the 
filter, and to allow for it. This may be accomplished by burning the 
filter with the albumin ujx)n it in a platinum crucible of known 
weight. ^^ For such rleterminations the use of glass-wool filters is to 
l)e recommended. 

2. 'The Methods of Roberts^ StohnkoWy and Brandberg'^^'^ for the 
4ipproximate estimation of albumin are all based upon the principle of 
Heller^a test, and are highly serviceable. The principle referred to 
may be exi)ressed by the fact, that the richer the urine is in albumin, 
the more quickly turbidity is develoi)ed in the use of Heller's test. If 
in loo cc. of urine there is 0.0034 gramme {Roberts), or 0.004 gramme 
(Stolnikow) of albumin, the fluid begins to cloud after the lapse of 
35-40 seconds, and l)ecomes plainly turbid in ij minute*. 

Brandbercfs modification of Roberts' and Stolnikow's methods gives 
the best and most accurate results. Tliis observer has found that in a 
solution of one part albumin in 30,000 of water, and consequently in 
urine holding 0.0033 per cent, of albumin. Heller's reaction will take 
place in 2^3 minutes, and upon this fact he has based Ids methotl. 
It is conducted thus : — The urine to be examined is first submitted 
directly to Heller's test. If a precipitate is obtained, a measured bulk 
of the fluid is diluted in a graduated tube with nine times its quantity 
of water (i in 10 urine), and Heller's test is again applied to the mix- 
ture in the following manner : — In a test-tube of about i cm. diameter, 
some pure nitric acid is placed with a pipette, and in such a manner 
as not to touch the sides of the tube. The latter is now inclined, and 
the diluted (i in 10) urine is carefully jwured from a graduated burette 
along its lower surface, so that it may float upon the acid without 
blending. Two cc. may be placed in the test-tube in this way. Suppose 
now that an obvious clouding of the fluid takes place before the lapse of 
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three minutes, the dihited (i in 10) urine contains more than 0.0033 \iOT 
cent., and the pure urine therefore more than ao33 per cent, of albumin. 
If, on the other hand, tlie albuminous cloudy ring takes longer than 
three minutes to develop, it is known that the simple urine holds less 
than 0.033 P^r cent, albumin in solution. In the first case the mixture 
is further diluted by Brandberfj in this manner: — Five test-tul)es are 
taken, and in each lie places 2 cc. of the diluted urine. To the first he 
then adds 4 cc. of water ; to the second, 13 cc. ; to the third, 28 cc. ; to 
the fourth, 43 cc. ; and to the fifth, 58 cxi. He then repeats the test 
with each of these. If in the case of one of them the reaction occurs 
in the s^mce of 2i-3 minutes, it follows that the fluid in the particular 
test-tube contains 0.0033 l^'* cent, albumin ; and from this the propor- 
tion of that substtmce in the undiluted urine may be directly calculat<?d 
by the following formula : — 



^' = /.-.3o 
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p = percentage of albumin in the undiluted urine. 

/•• = the quantity of i in 10 diluted urine in each test-tuln'. 

jr = the quantity of water used for dilution. 

Draiulherg has compiled for the use of the practitioner a practical 
tiible by which the |)ercentiige of albumin can be readily computetl 
frt»m these data without the trouble of calculation. It is rei)roduced 
here with slight modification.^*^ Its conclusions are Iwsed upon the 
supposition that turbidity ensues three minutes after the ai)plication of 
Heller*s test : — 

I. 2 cc. i/io urine, 0.05 a 10 a 15 0.20 0.25 0.30 a35 a40 a45 a5o /l albumin. 
II. 147 10 13 16 19 22 25 28 cc. water. 

I. 2 cc i/io urine, 0.55 0.60 a65 ayo a75 aSo 0.85 0.90 c.95 i.oo % albumin. 
II. 31 34 37 40 43 46 49 52 55 58 CO. water. 

I. 2 cc. i/io urine, 1.05 i.io 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 % albumin. 
II. 61 64 67 70 73 76 79 82 85 88 cc. water. 

The figtires in the hi»rizontid line marked II. indicate the quantity 
of water in cc. wliich must lx» added to the 2 cc. of the i in 10 diluted 
urine in onler that turbidity may occur in three minutes. In line I. are 
exhibited the ('<irres[K)nding j^eroentiiges of albumin in the s|K»cimen of 
urine taken. 

In applying this methotl, it will Ix? convenient to have a burette filled 
with the I in 10 <lilut(Hl urine, and another containing distilled water. 
In each of one series t»f test-tulx^s may then be placed an equal quantity 
of nitrie acid, with the prt^cautions indicated above ; and in those of 
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anotli(»r 2 cc. of the i in 10 diluted urino and varying quantities of 
distilled water (see Tjible). A preliminary exiieriment is first made, and, 
according as this experiment shows an excess above or deficiency from 
the stiindard i)ercentage of albumin, more or less diluted mixtures of 
2 cc. i/io urine + water are prepared. These mixtures of urine and 
water in the second series are now tested by j)lacing them with a pijwtte 
on the surface of the nitric acid in the test-tubes of the first series, until 
that one is reached in which the albuminous ring takes i)recisely three 
minutes to form, and from this the proportion of albumin in the urine 
is calculated. To take an example : — Suppose it is found in this way 
that turbidity occui's after the lapse of three miimtes from the addition 
to the nitric aciil of the fluid in a particular test-tube, and that this 
fliiid hius been formed by the admixture of 13 cc. of water to the 2 cc, 
of I in 10 diluted urine: reference to the table will show that 0.25 
corresponds to this number, 13, and consequently the urine contains 0.25 
per cent, of albumin. If, however, the; fluid in the test-tube to which 
13 cc. of water has be(?n mlded fails, when tested, to l)ecome turbid, or 
does so only after a longer interval, a less highly diluted mixture must 
l)e examined in a similar way — a.s, for insttmce, the ccmtents of the tul>e 
to which 10 cc. water have been added, and so successively with the 
others (7 and 4 cc. dilution), until the required result is obtained. If, 
on the other hand, the mixture in tlie test-tube diluted with 13 cc. 
exhibits turbidity directly, the test must be repeated with those towards 
the other extremity of the scale — namely, those containing 16, 19, 22, 
«&c., cc. resiKictively — until, jvs before, one is found in which the pheno- 
menon occurs after the lapse of precisely three minutes. L(»t this be 
the fluid formed by the admixture of 25 v.c. from the burette containing 
distilled water ; then the table will be found to give 0.45 as the cor- 
resix)nding figure, and the urine under examination, therefore, contains 
o 45 per cent, albumin. 

This method, when carefully conducted, is jiltogether satisfactory. 
Hammarsten ^*''^* has compared its riisults with those obtained by the pro- 
cess of weighing, and has found that the two correspond within 0.206 
per cent. 

3. Estimation ofdlhuinin by preciintation k; it h picric acid ami EshaelCs 
albuminimeter. ^'^ 

The advantage of this jiroceeding is its simplicity. It is open to 
certain fallacies, contingent upon the unsatisfactory character of the 
reagent used (see p. 258); but it calls for description here as affording 
the physician a practical, if only approximate, means of determining the 
jiroportion of albumin in the urine. 

Ten grms. of pun? picric acid and 20 gi'uis. of pure citric acid are dis- 
solved in 900 cc. water. A\nien the solution is thoroughly cool, water 
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is further luUlvil tu 1000 cc, and the iiii\tiire is emiiloyeil as 11 pivci- 

pitatiiit; ii)?-iit An iiistniment called the album iiiimeter ia further 

nei>[le<!. This in a vessel reitombliug a test-tube, of stout ^laas. 

np[)er part it bears a mark, S, and lower ilowu another 

mark U. The lower third is grailuateil, aiul the <Uvi- 

sions, which are numbered frrfm j-7, are so disposed that 

the intervals Iwtween successive units diminish from 

lielow upwards (tip, 126). For the purpose of tlie es- 

]jeriment, the album iuimeter is used in the following 

maimer : — It is tilled with urine up to the mark U, iuid 

tlie reagent is then added until the surface of the fluid 

i-enchea to tlie murk R. Tlie thumb is tht^n applied to 

the mouth of the instrument, and it is reversed several 

times, until the fluids are well mixeil. It is then covered 

with an india-rubber stopjjer, lUid allowiil to stand 

upright for tweuty-four hours. After this the height 

nt the sediment in the tube is read off by the scale upon 

its surface. This is eonstnicted so that the numl>ers 

fX|)ress the proportion of albumin in gninimes to the 

litre. Should it hiip)ien in a jmrttcular case that the 

upper limit of the seiliment overto[is the number 7 at 

the highest imint of tlie scale, i.e., where the proportion 

"f albumin exceeds 7 jier cent., the experiment must be 

rejieatetl with dilut^l urine. And it will save time if 

the urine Ik- diluted at the outset, wherever it has l>eeii 

shown by a qualitative t*st to be comparatively rich in 

albumin. It occasionally happens that the albuminous precipitate will 

not cohere, or it may remain fi'mtin^ ii) the flulil In such ciises the 

method is inapplicable. 

The quantity of albumin present can !« estimated only api>n>ximately 
by this method. The exi)ertnients of Cxapek^'^ have shown tliat its 
merit is enhanced if certain precautions Iw observed in its use. The 
urine to be tested shinild be fresh ami aciil, and of low specific gravity-, 
to whieh end it may lie dilute'l. Tlie fluid should not contain 
more than fotn- jiTni*. ulbumin to tlie hire, and should U- kept for 
twenty-four hours in the al bum ini meter at a moderate temperature 
In-fore thi' readiu); is taken. Finally, the figures on Ivtliach's iiuttruiuent 
are too low. The liest n'sults are obtained where the urine is l>elow 
i.oio s{n>i-ific gravity, and does not hold nion- than 0.3 Jier c«nt. 
albumin. Tlie conclusions set forth here are continned by Soko- 
low and Th. Ueider.*'^ C/irigteiuen'ii^'-^ albuminimeter is apidied 011 
the Siinie priiit^iple, tannic acid )>eing used to throw down albumin. 
With the instrument the process may be i>erfoniieil more rapidly, hu 
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the results are less accurate than with Eshac1i8 (Geialer^^'^ Wavor, 
Fedei'ei'), 

This method is appropriate to the case of tninsitory or febrile albu- 
minuria, and it is inapplicable where the urine* may lx» supjxised U* 
contain quinine, antipyrin, or thallin. 

From comparisons made by J{ichiei% it ai)i)ears that Esbach's method 
is far less accurate than Bramiberg's, It is open to very considerable 
objections, and can be relied upon oiUy within broad limits. 

Noel Baton ^"^ employs the albuminimeter to determine the projwrtion 
of albumin in a urine. From another jxjrtion of the same urine he 
precipitates globulins with magnesium sulphate, as Hammarsten does, 
and again tests the " globulin-free " urine with P^sbach's albuminimeter. 
From the difference in the two results he infers the q\mntity of 
globulins present. This ]>lan is commended by its author, but the 
process obviously partakes of th(^ uncertainty which is inseparable from 
the use of the albuminimeter. 

It may be noticed that Ilupperi and ZdhSv ''* have endeavoured to found a 
quantitative method of estimating albumin upon the comparative specific gravity 
of the urine. Its efficiency has not yet been sufficiently tested, but it may prove 
to be of service clinically. 

2. Peptonuria. — This condition has been invested with very great 
interest since the discovery by Hofmeister ^"" of a comparatively simjile 
chemical test for the detection of i)eptone. 

So far iis our present knowledge extends, the causes of iM^ptonuria 
are quite different from those to which the other forms of albuminuria 
are due. Neither nephritis, circulatory disturbances, nor anaemia, will 
bring about the ap])earance of peptone in the urine. Its presence there 
is most commoidy — though not invariably — associated with such pro- 
cesses as are characterised by the collection and subsequent destruction of 
leucocytes under such circumstances that the products of disintegration, 
including the j)ept<»n(^ constituent, of these bodies can obtain admission 
into the blood-sti-eam, to be subsequently eliminated by the kidneys. 

To the (condition arising in this way the nam** Pyogenic peptonvria 
has been given (Ilo/meiift^ir, MaixJier, r. JaJcscli)}'^ It occui's chiefly 
in the resolution stage o£ pneumoniti, in purulent ])leuritic exudation, 
and, in general, in suppuration wherever situated, i)r(»vided that the 
conditions are favourable to the absorption of the constituents (i>eptone) 
of the i)us. 

Peptone has further been found abundantly in the urhie in purulent 
meningitis, acute articular rheumatism, the supjmration of phthisis— - 
briefly, in nearly all those states which are attended with the formation 
and breaking down of ])us. 
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It follows, tlierefore, that the detection of i)eptone in the urine goes 
far to warrant tlie inference that suppurative changes are in progress 
in some j)art of the system, but such an inference must, in all cases, be 
strengthened by tlie exclusion of the other known causes of peptonuria. 

^Vmongst these are severe cases of scurvy, tending towards a fatal 
termination {hoematogenie peptonuHa) (r. Jaksch),^'^ 

Maixner ^^ has also 8ho^vn that in ulceration of the intestine, peptone 
derived from the footl may pass directly into the blood through the 
ulcerated parts, and so give rise to this condition {entei'ogenic pej^tonuria), 
an observation confirmed indirectly by those of PacanowskL^^^ A 
number of cases have also been reporteil in which peptone fountl in the 
urine was attributed to phosphorus poisoning ; and Fischel ^^'^ \\as shown 
that it is nonnally a constituent of the urine in the puerperal state 
(ptiei'penU peptonuria), 

Tliese facts are mentioned chiefly to show that peptonuria does not 
always imply suppuration ; but these other conditions being excluded, 
it is a valuable diagnostic sign of that process. It is, moreover, avail- 
able as a means of prognosis and of testing the progress of certain 
diseases attended with the resolution of pus. Thus, when j)eptone is 
found in the urine in the course of pneumonia, it indicates that the 
stage of softening has l)egiui. Again, in connection with abdominal 
tumours or pleuritic effusion, it shows their purulent character; and 
in purulent meningitis its manifestation varies with the severity of the 
disease — peptonuria occurring together with a relapse, and so on. 

As a means of discriminating between tubercular and epidemic cere- 
bro-spinal meningitis, the i)resence of peptone in the urine is occasion- 
ally a fact of crucial significance. It is characteristic of the latter disease, 
and its absence in presence of the clinical symptoms of meningitis in all 
casi»8 implies a tubercular character. Obviously, however, i)eptonuria 
may arise accidentally in tlie course of tubercular meningitis ; and in 
basing a diagnosis upon this conditicm, care must l»e taken to ascertain 
that it is not due to ulcerative processes in other organs, and es|)ecially 
t<i exclude implication of the lungs. 

Again, in the condition which has l)een calleil "se^wis occulta," and 
which is commonly so difficult to recognise, iHJptonuria is an important 
sxTuptom. By its aid especially it will be ix)ssible to distingiiish the 
syuiptoms of septicaemia from those of latent disseminatiKl sarcoma, 
whicli present quite a similar clinical character (high fever, rigors). 

In a case which came under Prof. NothnagtVs care, there had been rigors and 
a high temperature maintained for a long period, and no other symptoms what- 
ever. These were ascribed to the formation of a deep-seated abscess. The urine 
was repeatedly examined for peptone without result. The pott-mwUm showed 
disseminated sarcomatous nodules. 
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The autlior has been engiiged for many years in investigating the 
subjectt of ])eptonuria, and he feels warranted in asserting that its 
clini<'al value us a symptom is very great. It may be that further ex- 
perience will exU^nd and distribute its import ; but there can be little 
doubt that the significance attaching at present to the fonn with which 
we are best acquainted — that of pyofjenic p^tonurla — will not diminish 
with the j)rogi*ess of knowledge. Recent investigations tend in the 
fullest manner to confirm this view.^^-^ Peptonuria is frequently met 
with in connection with syphilis (Poehl).^^ Modem science furnishes 
an adequate explanation in many instances where the condition is found ; 
for, granting that micro-organisms have the projjerty of changing albumin 
into peptone, it is probable that they can also cause the latter to appear 
in the urine {My a, Belfanti).^^ 

Detection of Peptone. — The metliods of Ilofineister and Devoto ^^ will 
be described here. 

I. Hofnieider's Method, — The urine should first be tested for albumin 
by the three processes described above (pp. 255, 257). If tests i and 2 
give no result, and no precipitate forms on the addition of acetic acid 
alone, the presence of jieptone may be shown by the biuret test (see p. 
257), but only when this body is in great abundance. If it is not so, 
the result in this case* will be also negative. A further preliminary test 
may be applied by adding first concentrated acetic acid, and then a 
mixture of acetic and phospho-tungstic acids. If clouding takes place 
either directly or after the lapse of a short interval, it may be concluded 
that peptone is present. The inference is rendered still more certain if, 
before the application of the test, a little neutral acetate of lead be added 
(to precipitate mucin), until a flocculent precipitate appears. If the 
test again gives positive results, peptone is present ; if it remains nega- 
tive, tlie urine is peptono-freo. This, however, only holds good where 
tlie urine contains a considerable amount of peptone. 

Hofmeister^s test is more accurate. Assuming that the previous 
methods have failed to disclose albumin, tlie urine is treated with 
neutral acetate of lead and filtei*ed. The clear filtrate, which should 
amount to not less than 500 to 600 cc. in volume, is acidulated with 
hydrochloric acid, and phospho-tungstic acid is added until a precipitate 
ceases to form with it. The fluid is then filtered without delay. 

Pliospho-tungstic acid may be prepared thus :— Commercial tungstate of soda 
is dissolved in boiling water and phosphoric acid added until the mixture exhibits 
an acid reaction. It is then allowed to cool, rendered strongly acid with hydro- 
chloric acid, and filtered after standing for twenty-four hours {Huppert)?^ 

The procipitiite consists of i>eptone combined with phospho-tungstic 
acid, and various other substimces (ptomaines. Sen,). It is now washed 
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on the liltor witli Hve parts (xmcentrated sulphuric acid in 100 of water, 
until the fluid which pasvses through is colourless. In this way the salts 
are got rid of. The j)recipitate, while still wet, is washed from the 
filter with as little water as possible, and is received m a watch-glass. 
Barium carbonate is added imtil the mixture is alkaline, and the latter 
is then place<l on a water-bath at boiling-point, and heated for ten to 
fifteen minutes, and the biuret test (p. 257) applied. Peptone is shown 
by the formation of a colour ranging from })lui8h-red to violet, and 
varying in intt*n«ity according to the quantity present If this be only 
a trace, the resulting colour is of a dirty red or dull violet. The accom- 
l>anying precijutate of baryta need not confuse the experiment ; but 
should any doubt exist as to its result, the entire preparation may be 
placed in a test-tul>e and allowed to stand for a few minutes. The 
precipitiite then falls to the bottom, and the fluid displays the charac- 
teristic tints — from dull red to violet — if it contains peptone. If that 
l>ody be absent, it has a greenish colour. 

If either of the first two tests (p. 255) should show the presence of 
albumin, whilst the addition of acetic acid and ferrocyanide of potas- 
sium after filtration causes oidy ven/ slight turbidity, the albumin must 
l)e removed by combination with a metidlic oxide — and best with 
oxide of iron — in the following manner : — A solution, first of acetate of 
soda and then of i)erchloride of iron, is added to the urine. Tliis is 
exactly neutralised with caustic iK)tash, boiled, filtered, and allowed to 
cool. Tests I and 2 are next applied. If neither discloses albumin, and 
if also with test 2 no blue colour forms, tlius showing that the flui*! 
is free from iron, the further i>rocess is that described above — hydro- 
(rhloric acid is added, and a precipitate obtained by the use of phospho- 
tiuigstic acid, and so on, as before. 

If, however, after the precipitation of albumin in the manner indi- 
cated, one of the tests allude<l to should show that the fluid is not yet 
fi-ee from that body, the previous tests must })e rej^ated until the 
filtrate exhibits no trace either of albumin or of iron. Should the former 
substance be present in the urine in great quantity, it may be remove<l 
in large proportion by heat, and what remains may Ik* subsequently got 
rid of in the manner described above. 

Tlie application of this method in the case of highly colouretl albu- 
min-free urine has the contingent advant^ige that it involves tlie 
removal of colouring matters whose presence might be a source of 
fallacy. J. A, ScUulter ^^ recommends that the urine be first saturated 
with ammonium sulphate, and the filtrate proceedeil with as before. 
The quantitative estimation of i)ei>tone may 1m^ efl*ected by the colori- 
m«*tric process «>f HoUndMer and Maixner.^^'-^ 

2. iJevotos M**.ihixl. — Tlie ditticulties attemling the application of 
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Ho/meisiei''8 metliod are a serious imi^ediment to its use. That of 
Devoto,^^ which will now l)e described, is at once simple, exi^editions, 
and efficient. 

The two tests have given identical results when the author has employed 
them for the investigation of urine. When, however, they were applied to the 
examination of the blood and the viscera, there was less conformity between 
them, Hoftneisttr' i usually indicating peptone where Devotos failed to do so.'** 

To 2CO-300 (;c. of urine is added pure crystalline ammonium sulphatt; 
in the proportion of 80 grms. to 100 cc, and the fluid is i)laced in a 
beaker in a boiling A\'ater-bath for half-an-hour, at the end of which the 
greater part of the salt should have dissolved. It is then steamed for 
half-an-hour in a Biidenherffs steam-steriliser, the vapour being kept at 
100" C. In this way all the proteids (serum-albumin, globulin, haemo- 
globin, deutero-albumose, peptone, nudeo- albumin) are precipitatetl, but 
only serum-albumin, globulin, and nucleo-albumin (mucin) are thorouglily 
(and haemoglobin partly) coagulated. The fluid having been heated to 
100" C. is at once filtered. The filtrate should l>e straw-coloured, and 
free from albumin, as indicated by tests i and 2, p. 255. A slight 
cloudiness appearing quickly with test 2 does not necessarily imjdy the 
presence of albumin. A decided turbidity or a precii)itate would be due 
to a proto-albumose, or mor(> prol)ably hetero-albumose. Should the hot 
filtrate l»e cloudy, or give the proteid reactions (pp. 255, 257), the hivesti- 
gation has miscarried, and must be repeated from the l3eginning. The 
residue on the filter is washed first with hot and then with cold water. 
The resulting filtrates have a more or less decided brownish tint. These 
are collected, and to one i)ortion of the fluid acetic acid nnd ferrocyanido 
of potassium are added to test for albumin. Should no result be 
obtained, the biuret test is performed with a portion to which caustic 
soda has l)een added in excess. Any albumin shown to be jiresent is 
certainly peptone. The filtrate from the hot washings may exhil)it it, 
but it often happens that peptone first becomes recognisable with the 
biuret test in the filtrates derived from the cold washings. Several 
specimens both of the hot and c(»ld washings may l)e tested until a 
jiositive result is obtained. 

[•*■'. Martin^- has found that in many cases of supposed i)eptonuria— especially 
of peptonuria in connection with purulent disease — the morbid constituent of 
the urine was deutero-albumose and not peptone. The two are distinguished 
by their behaviour in solutions with ammonium sulphate ; deutero-albumose is 
precipitated by saturation with this salt, while peptone is not. 

MacicUliam ^** recommends salicyl-sulphonic acid as a test for albumoses and 
peptone. Primary albumoses are precipitated by a saturated watery solution of 
the acid: the precipitate disappears with heat, and reappears when the liquid 
cools. JJeuteroalbumofc is precipitated by the reagent when the fluid examined 
is mixed with two to three times its bulk of a saturated solution uf ammonium 
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sulphate. Peptone is readily precipitated by salicyl-sulplionic acid in saturated 
ammonium-sulphate solutions, and the precipitate clears up on heating, and 
reappears when the liquid cools. The peptone precipitate is dissolved by the 
addition of water, glycerine, or excess of the reagent.] 

3. Albumosuria. — The distinctive character of tliis eouditiou was 
formerly thought to be the presence in the urine of a single botly, to 
which the name of propeptone or hemialbumose had been given. The 
researches of modem times, however (Kiihne, Chittenden, Uerth^^)^ 
have placed the matter in a new light, and the first two observers have 
sought to show that pi'ojwptone is really a mixture of four different 
proteids. However this may be, these interesting observations cannot 
as yet l^e brought to l3ear Ujwn our clinical knowledge. 

Albumose has been found in the urine in coiuiection with various 
<li8ease8 — as osteomalacia, dennatitis, intestinal ulcer, &c. {Senator, Ter 
Gregoriantz, t\ Jaksch),^^ In severe cases of osteomalacia, which were 
recently under treatment by Professor Nothnagel, v, Helly, and Schautcij 
the author failed to discover albumosuria ; neither has lu» detected it in 
advanced rickets. 

Loeb^^ believes that he has discovered projieptone in the urine in 
measles and scarlatina (in this he is confirmed by Heliei* ^^'), and from 
the observations of Kahler and Buijpeti^^^ albumosuria would seem 
to be a frequent occun-ence in inflammation of the medulla of bones. 
Kuppner^^ has observed albumosuria in mental derangement The 
clinical significance of this state is mollified by the fact that Pomer ^^ 
has detected propeptone in the seminal fluid (see Chapter IX.). The 
presence of albumose, when it occurs alone, may be determined by the 
consideration of results derived from the tests given for the detection 
of albumin generally. If, on the application of tests, a precipitate first 
forms on cooling the si)ecimen, or when it has l>een allowed to stand for 
a long time {vide supra), and if this precipitate, when separated on the 
filter, is shown by the biuret test to consist of albumin, a fresh specimen 
of the urine may be submitted to test 2. In doing this, it may be 
necessary to add water, since albumose is readily soluble in concentrated 
salt solutions, and therefore in concentrated urine. Wliether with or 
\nthout this precaution, a further precipitate witli test 2 suggests the 
presence of albumose. Another si>ecimen should now })e saturated with 
common salt, and further treated with acetic acid. If albumose be 
present, a prei-'ipitate forms, which,, after the addition of a large amount 
of acetic acid, dissolves when heated and reapi>ear8 on cooling... A 
niti'ogenous boily resembling albumose was found by ThormaJilen^^ in 
the urine in a case of hydatids of tlie liv(»r, with jaundice and 
nephritis. 

When the urine holds alliumose in conjunction with m^rum-albumin, 
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the latter iiiu.st be removed l)y boiling with acetic acid and chloride of 
sodium before the tests are applied. *-*^- 

4. Globnlinuria. — Globulin probably never, or almost never, occurs 
alone in the urine, but geneniUy in conjunction with serum-allnimin. 
Consequently its import in disease is the same as that of the latter body. 
[Serum-albumin is usually present in greater quantity, but in severe 
organic renal disease and in dial>etes Maguire ^^ finds that the proportion 
of globidin to albumin is often 2.5 : i. Senator '^^ asserts that moR* 
globulin is present in lardaceous kidney than in other forms of Briglit's 
dise^ise.] 

To JCauder ^•'' belongs the credit of discovering a simple method for 
the detection of this body in presence of serum-albumin. The urine is 
rendered alkaline with ammonia, allowed to stand for an hour, then 
filtered, and to the filtrate is added its own volume of a saturated solu- 
tion of sulphate nf ammonium. If globulin be jjresent in any quantity, 
a flocculent i)recipitate falls. 

By an extension of this method the quantittitive estimation of globulin 
may be effected. With this object the precipitate formed is treated in 
the manner described before when speaking of the estimation of allnimin 
by weight (p. 259), (Pohl),'^^ 

[HaUiburfon ^^ adopts the following methfxl : — The urine is neutral- 
ised and then saturated with magnesium-sulphate. If globulin l^e pre- 
sent, a precipitate forms. This precipitate may be coUecited on a filter 
and dissolved by the addition of water. The solution coagulates at 
75** C. When the urine holds a large quantity of globidin. Sir William 
Bobeiis^ test will serve for its recognition : — A deep glass vessel is filled 
with water and the urine is added, a droj) at a time. Each drop leaves 
a milky track behind it, and when much urine has been added, the fluid 
becomes opalescent, and clears again on the addition of acetic acid.] 

5. Fibrinnria. — Fibrin is found in the urine in cases of liaBmaturia 
and chyluria (v. infra). It then usually forms coagida. It is found, 
moreover, as a consequence of inflammatory exudation in the urinary 
passages. The coagida occur most commonly in croup and diphtheria, 
and occiusionally in tuberculosis. 

To detect fibrin the clots should be se[)arated by filtration, washed 
with water, <lissolved by boiling m solution (i per cent.) of soda or 
(5 per cent.) hydrochloric acid {Huppert ^^), and the fluid tested when 
cold by the jjrocess described <ai p. 256. 

6. Hflematuria. — The ])lo(>d which occurs in the urine may be derived 
from several sources, from the kidney, renal pelvis, ureters, bladder, or 
urethra (see p. 218). 

In well-marked cases, the jjresence of blood is directly suggested by 
the colour of the urine, wliich \'aries from that of an extract of mw 
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im»at to a ruby-red ; but inasmuch as a similar api)earauce may lx» due 
t<) haemoglobin in solution (lisemoglobinuria), it is never safe to base 
the diagnosis of this condition upon inspection alone. It may }>e 
accurately determined by — 

T. Sj>ecfro8capic Ejramiriatioji. — The freshly-jwissed urine, wliich, if 
deeply coloure<l, should be diluted ^vith water, will exhibit the two 
absorption-lmnds of oxy haemoglobin (p. 60, fig. 37), and these, on th<» 
addition of sulpliide of ammonium, give place to the absorption-biuwl 
of reduced haemoglobin. Lastly, when blood containing urine has stoo<l 
for some time, occasionally even in fresh urine, the spectrum of methae- 
moglobin may be looked for (p. 62, fig. 42). 

2. Heller's TestJ^^ — The urine is treat^nl with caustic }K)tash and 
boiled. The (basic) earthy phosphates are then precipitated, and to- 
gether witli them the liaematin derive<l from the oxyhaemoglobin present. 
Tlie pliosphatic sediment is consequently coloured a bright red. Should 
it hapi>en that the urine contains abundance of colouring matter (bile- 
pigment, &c.), which renders it difficult to appreciate the colour of the 
sediment, the latter should be separated on a filter and dissolved in 
acetic acid. The solution then becomes red if bloo<l l>e present, and iU 
colour vanishes gradually on exiK>sure to the air.^^® 

Rosenthal -^^ applies the test for haemin directly to the dried preci- 
pitate (see p. 61). Struve^S'^' method serves well for the detection of 
blooil-pigment. The urine is treated with amnuaiia or caustic jiotash, 
and the fluid then rendered acid with tannic and acetic acids. The 
presence of blooil is shown by a dark -coloured precipitate, which, when 
dried and treated with a little chloride of ammonium and glacial acetic 
acid, should yield Teichmann's crystids. This test is \exy sensitive, but 
less practicable than Heller's, which, with the sjx?ctroscopic examination, 
best meets tlie requirements of the physician. 

3. Almen^s Blood TesV^^'-^ — A mixture in equal jmrts of tuicture of 
guaiacum and mature oil of tuq)entine is poured on the surface of about 
10 cc. of the urine. The presence of blo<xi is shown by the appearance 
at the junction of the fluids of a ring at first white and afterwards 
turning blue. 

If, in addition, the mici'oscope reveals the presence of red blood- 
c<»rpuscles (p. 218), the existence of haematuria may be infemnl, and 
it only remains to judge of it^ origin on the principles already laid 
down. For its clinical significance the reader may refer to p. 219. 

7. Hemoglobinuria. — Sometimes tlie colouring-matter of the blood 
is also found dissolved in tlie urine (see p. 65). Tliis condition is 
apt to aris<» in the courst* of acute infectious diseases, in bums, and in 
various forms of poisoning. In the hittt^r class of cases it is always 
a serious, and oven ominous symptom. It has l>een oWrved in jMiison- 
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iiig by imphthol -^^ and carbolic acid,^^^ and in ery8ii>ela8.2^'^ HaBmo- 
globinuria is known as an idiopathic affection 2^" (jyaroxysnial haemo- 
globin uria), and as such often occurs in connection with severe syphilis, 
[and also in malaria and rheumatism, when the attacks aj)pear to b<^ 
detennined by exposure to cold {Taylor)y^^^ 

The occurrence of haemoglobinuria may l^e inferred when it is made 
evident by spectroscopic analysis and the application of. Heller's and 
Alm6n*s tests that the urine contains blood colouring-matter, whilst at 
the Siime time the microscope discloses smaller or larger masses of brown 
pigment, and either no red corpuscles, or so few as are inadequate to 
account for the results obtained. The spectroscopic appearances are 
usually those of methsemoglobin (p. 62, fig. 42); and Hopjje-Seyler '^^^ 
maintains that in this (condition the blood-pigment is always in the form 
of methremoglobin.-'-^ [In seven cases of paroxysmal haemoglobinuria 
investigated by Hcdliburtim^^-^ methsemoglobin was the only pigment 
present in three. In the remaining four there was found only methaemo- 
globin at first, but in a few hours the amount of pigment increased, and 
oxyhaemoglobiii ai)peared as well. In such a specimen the spectra of 
methaemoglobin and of oxyhaemoglobiii occur together. In three of 
Halliburton's cases scrum-albumin was present in the beginning of the 
attack, and in one its appearance preceded that of the blood-pigment. 
Albuminuria has been observe<l to alternate with haemoglobinuria, and 
Fagge has described a paroxysmal albuminuria which he believed to be 
a mild fonn of the latter (see p. 252)]. 

8. Mncinuria (Nndeo-AlbQiniiraria). — ^Tlie presence of small quan- 
tities of nucleo-albumin (mucin) ^^ i^ ^j^e urine is not a pathological 
symptom ; when found in greatly increase<l proportion in women, it is 
often derived from the vagina. Such an increase, originating in the 
urinary passages, invariably jwints to catarrh of those parts. The urine 
in question is usually turbid when passed, and after a little while it 
deiK)sits a bulky cloud. The latter is seen by the microscope to contain 
leucocytcis and epithelium (p. 218). WHien a great quantity of mucin 
is ])assed, it fonns a viscid gelatinous sediment at the bottom of the 
urine-glass, and no further evidence of its character is needed. 

For the detection of mucin chemically, the urine is treated with an 
excess of acetic acid, when it is rendered turbid if much mucin is 
j>resent. It may l)e necessary to dilute it previously, since concentrated 
urine, ])eiiig rich in salts, will retain mucin in solution even in presence 
of acetic acid. In testing for the presence of mucin in albuminous 
urine, the great biUk of the albumin should be removed by boiling and 
filtering previously, and the filtrate tdlowed to cool. 

The best method for precipitating mucin from urine is by the addition 
of acetate of l(»ad {vide supra). 
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Fr, Miiller^^^ found mucin very abundantly present in the urine of 
leukaemia. Obennayei' •^"* maintains that it is invariably to be met with 
in jaundice. 

11. Carbohydrates. 

1. Glycosnria. — Although various forms of sugar are occasional con- 
stituents of the urine, as, €,g.j sugar of milk after parturiti<)n, and inosite 
and laevulose rarely, the consideration of these will nevertheless hardly 
detain us, since their manifestation, from the point of view of frequency 
and imjwrtance, possesses but little practical interest in comparison \vith 
that of the hexose -^ grape-sugar (glucose, glycose, dextrose). Our re- 
marks here will be confined to the occurrence and tests for the latter 
iMxly. 

(a.) Physiological Glycosuria. — It must be mentioned at the outset 
that normal urine contains a trace of sugar. The fact of a physio- 
logical glycosuria was long ago laid down by v. Briieke,^^^ and has 
quite recently derived remarkable confirmation. 22« Wedenaki has made 
use of Baumann*s discovery that benzoyl chloride forms insoluble 
compounds with the carbohydrates ; and aj)plying this to healthy urine, 
he succeeded in separating from the precipitate a body which gave all 
the reactions of grape-sugar. Tlie proportion to be found in health, 
however, is so small, that it may be neglected as a disturbing factor, 
even in the most sensitive of the tests to be described. [According to 
Dr, G. Johnson '^ normal urine is quite free from sugar ; and Mr, G, S. 
Johnson 228 has sho^vn that when all the uric acid and kreatinin have 
been removed from such urine by precipitation with mercuric chloride, 
all reducing action disappears and no trace of sugar can be found.] 

(b.) Pathological Glycosnria. 

(a.) Transitory Glycosuria, — Grape-sugar may appear temporarily in 
the urine in the course of many diseases, as cholera, intermittent fever, ^"^ 
[tyi>hus and typhoid], cerebro-spinal meningitis, and scarlatina, ^^o [after 
attacks of whooping-cough, asthma, and epilepsy {Taylor)^^^\ in affec- 
tions of the brain involving the fourth ventricle, in diseases of the heart, 
liver, and lungs, in gout, and in tertiary syphilis (Ord),^^ It has also 
been occasionally observed in small quantities in cirrhosis of the liver. 
Glycosuria in comiection with these diseases is, however, very rare. It 
is commoner as an effect of certain poisons, notably morphia and carbon 
monoxide [after the inhalation of chloroform, ether, and amyl nitrite, and 
in poisoning with prussic acid, mercury, and curare. In some of these 
cases, however (morphia, cimire, chloroform, &c.), it has been shown 
that the substance wliich reduces Fehling's solution in the urine is not 
sugar, but glycuronic acid {Halliburton) ^^\ The author has found 
grai>e-sugar in the urine in two cases of advanced asphyxia from breath- 
ing irrespirable gases (a mixture of carbonic acid and nitrogen).*** 

s 
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In certain diseases the function of sugar-assimilation is depresstjd 
{Hofr)iei8ter)y and when that substance is taken as foo<l, it appears tem- 
porarily in the urine. This happens especially in hepatic cirrhosis 
(MoritZy KrauSy Ludwig ''^), and in brain disease (v, Jaksch). 

(jS.) Persistent Glycosuria, — The continued excretion of grape-«ugar in 
appreciable quantities belongs exclusively to diabetes mellitiis, and it is 
the most certain symptom of that disease. Its great clinical importance 
lies in the fact that it ordinarily l)ecomes apparent at a time when all 
other symptoms of diabetes are wanting. In such cases, however, one 
can be certain that diabetes exists only when, by repeated investigation, 
grape-sugar is found, and especially when its quantity is observed to 
increase witli the administration of other carlx)hydrates, as cane-sugar, *^^ 
and still Ixittor, starch. 

Determination of Orape-Sugar. 

(a.) Qualitative Tests. — It is very easy to determine the presence 
of a considerable proportion of sugar in the urine ; but sometimes, when 
that body occurs only in traces or in very small quantity, the tests 
hitherto most commonly employed, namely, those of Moore and Trommery 
are hardly sufficient for its detection. We have only recently become 
acquainted with a method which is in all cases adequate to the purpose. 

1. Mooi'e- Heller TestP^ — The urine is treated with Jiquor jK)ta6S8B 
and boiled. If sugar be present, it is decomposed. Lactic acid and a 
number of volatile compounds are formed,237 and with them certain 
coloured substances, which impart an intense deep-brown tint to the 
fluid. This test is by no means accurate, and conclusions drawn from 
it are open to fallacy, since healthy urine turns brown with caustic 
potash from the action of that body upon mucin (nucleo-albumin). 
Moreover, the change of colour is proportional to the quantity of mucin 
present, independently of sugar. 

2. Trommer's TestJ^ — The urine is rendered alkaline with caustic 
potash, and a fairly strong solution of cupric sulphate is added, drop 
})y drop, until the cupric oxide formed ceases to be dissolved. The 
mixture is then heated in a test-tube. If sugar be present in greater 
quantity than a mere trace, a yellowish or red precipitate of the sub- 
oxide of copper falls before the boiling-point is reached, and at the 
same time the fluid loses colour somewhat. ^^^ Tliis test is very sensitive. 
Trommer was able with it to detect sugar to the amount of o.ooi, or 
even o.oooi per cent. Unfortunately it is also ambiguous. The pro- 
perty of reducing cupric oxide in alkaline solutions belongs to a number 
of bodies which occur in healthy and morbid urine. Amongst these are 
uric acid, kreatin and kreatinin, allantoin, mucin, milk-sugar, pyroca- 
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tecliin, liydrocliinon, and bile-pigments. In addition to these, the 
ingestion of })enzoic and salicylic acids, glycerine, and chloral leads to 
the formation in the system of substances which possess a similar 
reilucing power. Hence it happens that the urine is sometimes thought 
to contain sugar on the evidence of Trommer's test when none can be 
found with other methods. The error is especially apt to arise when 
the boiling is continued for a long time. The test can be depended oti, 
therefore, only when reduction takes place at a temperaiure below boiling, 
fchicJi, however, occurs only when the urine contains a relatively large 
proportion of sugar. 

Fehlimfs fluid (p. 281) may be substituted for the copi)er sulphate 
and caustic potash in the process. [Pamfs -*® fluid, which is much used 
in England, is a modification of Fehlinrfs, It has the following consti- 
tution : — (i.) neutral potassic tartrate 640 grs., potassa fusa 1280 grs., 
water 10 oz. ; (ii.) cupric sulphate 320 grs., water 10 oz. The two 
solutions are kej)t apart and mixed for use. Of the mixture 40 to 60 
minims are boiled in a test-tube, and a drop or two of the suspected 
urine is added. If heat be continued, the yellow precipitate shows 
itself in the upper part of the test-tube, and by adding more urine the 
fluid will be made to lose its blue colour entirely.] 

A useful modification of Trommer's test has been suggested by IFoitw- 
MUUerJ^^^ A mixture is made of 1.5 cc. of a 2.5 per cent solution of 
cupric sulphate, and 2.5 cc. of an alkaline solution of tartrated soda 
and potash (prepared by dissolving 100 grms. of Rochelle salts in a 
normal solution of caustic soda), and heated to boiling-point ; and in a 
sepiirate test-tube 5 cc. of the urine to be tested are boiled. The boil- 
ing fluids are added together without shaking them, and if sugar be 
present in any quantity, the suboxide is precipitated directly. Should 
no such precipitate form, the process is re|)eated with 2, 3, or 4 cc. of 
the cupric sulphate solution. This test is said to be very sensitive. 

It should be mentioned that the jwwer of a urine to dissolve cupric 
oxide does not necessarily imply the presence of sugar in the urine, since 
the proi)erty belongs to ammoniacal and albuminous urine, whether it 
contains sugar or not. 

3. Fermentation Test, — This depends ujwn the fact that grape-sugar 
decom{>oses in presence of yeast into alcohol, carbonic acid, and a number 
of other products (succinic acid, glycerine). It is conducted in the 
following manner: — A test-tube is filled ^or two-thiixis of its depth 
with mercury, and in the remaining third with the urine, to which a 
little tartaric acid has been added. In this is placed some yeast which 
]ias been carefully washed. The mouth of the test-tube is then closed 
with the thumb, and it is inverted over a vessel containing mercury. 
If sugar be ])resent, fermentation takes place directly, and the carbonic 
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acid foruieJ toUects over the mcriury. \Vliei[ yeast is plui^eil in iitiiiuiil 
urine a limiteil fermentatiou takes ^ilare and some gus is disengage*!. 
It is, therefore, well to oomparo the result of fernieutation in saccbarinc 
urine with a healthy apeciiueu (i/ojiYz **'). There are special fermenbi- 
tion tnbes made for Buch purposes, and the experiment ia greatly facili- 
tated hy their use.**" This test is suffioiently sensitive. It will ser^'e 
to indicate o.i per cent, of sugar in the urine.-** [Acconliug to Hcdli- 
hwriaa^^ the fermentBtion-test is the best for iliatingiiishint; sugar from 
other substances that reduce Feblin(,''s solution in the urine. These 
substances are iiric acid, hijipurii'. acid, kreatinin, i>yroiait*chin, ami 
glycuronic acid.]. 

4. PhmijX-Hydmtin Teet. — lu this we have a niethoil (or the detec- 
tion of sugar which is greatly to be preferred to those already mentionei.!. 




Several years' experience has convinced the author that it is entirely 
acctimte, simple in its application, and in every way suited to llie ni^eds 
of the physician. It depends upon the property of phenyl-hydrazin to 
form with grai>e-sugar a highly^'haracteristic crystalline compound,'-'** 
called phenyl- glucosazQU. This body bas the foiui of yellow needles, 
and is but little soluble in water. Tlie test is conducted in the follow- 
: (u. Jaiecli ^*") : — Two jm-rts of bydrochlomte of phenyl- 
hydrazin * and three of acetate of soda are placed together in a test- 
tube containing 6-8 cc. of urine. If the salts do not dissolve when tlie 
a warmed, a little water is addetl, and the test-tube containing the 
ixture is placed for 20-30 minutes in boiling water. Aft«r this it is 
t and put into a vessel containing cold water. If sugar bo 
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present, even in very moderate quantity, there forms directly a yellow 
crystalline deposit, which may api)ear amorphous to the naked eye, but 
which when examined under the microscope is seen to contain yellow 
needles detached or arranged in clusters (fig. 127). If the urine holds 
but a very small proportion of sugar, the preparation should be placed 
in a conical glass, and the sediment examined carefiUly. In a case 
where only a mere trace of sugar exists, detached crystals of phenyl- 
ghicosazon cannot fail to be seen. The discovery of smaller and larger 
yellow scales, or of powerfully refracting brown granules, must not, how- 
ever, be mistaken for evidence of sugar. This test gives very good 
results with every variety of morbid urine, 2*® and it is equally applicable 
whether albumin be present or not In the former case, however, it is 
well to get rid of the excess of albumin previously by boiling. Phenyl- 
*rhicosazon crystals melt at 205°, and their character may be ascertained 
beyond doubt ^y submittmg them to that temperature. The efficiency 
and utility of this test is amply proved.^-*^ The objections to its use 
made by Geyei\ Moritzy and Luther '^^^ seem to be without weight. 
Doubtless the test requires much practice, but in expert hands highly 
Siitisfactory results are obtained.-^* 

In addition to the foregoing methods, which esi)ecially merit atten* 
tion, other tests for sugar have been suggested, and some of these call 
for description. 

5. Buftger's Testr^'- — A quantity of the urine is mixed with its own 
bulk of a concentrated solution of carbonate of soda, and a little basic 
nitrate of bismuth is added. The preparation is then boiled. If sugar 
Ik? present, it turns black from the reduction of oxide of bismuth. 
This process has no advantage which does not belong to Trommer^s 
test, and it is less sensitive. If the urine contains the principles of 
rhulmrb taken as food, a black precipitate will fall independently 
of sugar. '"'^^ In albuminous urine, too, sulphide of bismuth will 
form a similar black dei)osit.-^ These conditions must therefore be 
excluded. 

The mollification of BoUger's test by Nylander^'^ is more accurate. 
The reagent employed (called Almen's fluid) is' prejmred by dissolving 
4 gnus, of Kochelle salts (tartrated soda and potash) in 100 grms. 
and of an 8 j)er cent, solution of caustic soda, warming the fluid, 
adding as much basic i>ernitrate of bismuth as will remain in solu- 
tion. The mixture so formed is added to the urine to be tested in 
the proportion of i in 11, and tlie whole is then heated. Tlie fluid 
sliould blacken in the course of a few minutes. In this way it is 
asserted 2^ that sugar in the proportion of o.i per cent, can be 
detected. It has, moreover, the advantage of simplicity, but is also 
oiH»n to certain fallacies. It is inapi)licable, as we have seen, to the 
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case of albuminous urine, and the reaction occurs in presence of 
melanin or melanogen, or where the fluid contains a large proportion 
of reducing substances but no sugar. 

6. Ruhnei^s Test'^'^ — The urine is treated with an excess of acetate of 
lead (sugar of lead), filtered, and to the filtrate ammonia is added until 
a permanent precipitate forms. The fluid is then heated, but not boiled. 
If sugar be present, the precipitate formed on the addition of ammonia 
gradually assumes a rose- red colour, which vanishes slowly on standing, 
more quickly on the application of heat (6o'*-7o° C), giving place to a 
yellowish-coffee colour. 

Buhner believes that the precipitate consists of sugar of lead. Milk- 
sugar does not give this reaction when the process is conducted as above, 
but when a solution of that body is boiled for 3-4 minutes with acetate 
of lead, and ammonia then added, a similar precipitate forms. In the 
author's experience, the best plan in perfonuing the test is to heat the 
precipitate gradually at a temperature not exceeding 80* C. By its use 
Penzoldt has discovered sugar to the amount of 0.01-0.02 gmi. in 10 cc. 
of urine. That writer employs a very simple and practical modification 
of Rubner's test.*-^ He adds to the urine a few drojw of basic acetate 
of lead (subacetate) and a few of ammonia, and then warms the mixture. 
The presence of sugar causes a red precipitate as before. This method 
is not less sensitive than the other. 

7. Mulder^ 8 Test. — The urine is treated with carbonate of soda in solution, and 
solution of indigo-carmine is added until the wliole is freely coloured. If sugar 
be present, the colour changes to yellow on heating;, and becomes again blue 
when the fluid is shaken up with air. 

This test may be conveniently applied thus : *® — Two pieties of filter-paper are 
taken. One is placed in a concentrated solution of carbonate of soda, and the 
other in a solution of indigo-carmine. Both are then dried. When wanted for 
use, a small piece of the indigo-carmine paper is placed in about 10 cc. of water, 
the urine under examination is added, and finally a large slip of the paper satu- 
rated with carbonate of soda is placed in the fluid. The result should be as 
above. The convenience of its application in this manner is the only merit of 
Mulder's test. It is neither sensitive nor accurate. [Dr. 0. Oliver**'^ recom- 
mends the use of indigo-carmine papers alone. The test solution is made from 
these with heat, and is again boiled with the urine. The colour obtained ranges 
from violet to straw-yellow, according to the quantity of sugar present. This is 
not a satisfactory test.] 

8. Johnsons Test {Picric Acid). — Both Johnson and Thiery^^ have employed 
picric acid as a test for sugar. A few drops of a solution of picric acid are added 
to the urine, which is then treated with caustic potash. If sugar be present, 
the fluid assumes a deep- red colour ; but a red colour may also be obtained from 
caustic potash and picric acid alone, or in presence of kreatinin ; and conse- 
quently, as a test for sugar, the process is not trustworthy.-*^ [Dr. G.Johnson 
claims for picric acid the advantage that solutions do not change with keeping. 
When a drachm of normal urine is boiled with the same quantity of picric acid 
and half a drachm of caustic potash, a claret-red colour is produced, which in 
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a test-tabe of half-inch diameter will transmit light. This colour is due to 
kreatinin. The presence of the smallest quantity of glucose in addition will 
render the fluid so intensely dark that no light passes through.] 

9. Pemoldt's Test.^^ — In this the reagent is diazobenzol-sulphonic acid dis- 
solved in water, i : 60, without the aid of heat, but a drop of caustic potash may 
be added to facilitate solution. A few cubic centimetres of the urine under 
examination is placed in a test-glass, and rendered strongly alkaline with caustic 
potash. A like quantity of the reagent, which should be feebly alkaline, is now 
added. The process is repeated with healthy urine of the same tint and concen- 
tration, and the two specimens compared. Both are at first of a reddish-yellow 
colour, but whilst the healthy specimen remains unchanged, or nearly so, that 
containing sugar becomes a bright claret-colour after some time. If sug^ be 
present in abundance, the fluid eventually becomes dark-red and opaque. 

Pemcldt asserts that 0.1 percent, sugar is appreciable in this way; but for 
practical purposes the test is not to be recommended, since acetone and diacetic 
acid have a similar reaction.^^ Moreover, the substance used is highly explo- 
sive."* 

10. Moli»eh*8 Reactions. — Mdueh '-^ has recently devised two methods, by the 
aid of which he believes that sugar can be detected in the urine, whether of 
health or disease. 

(a.) The first depends upon the reaction of sugar with a-naphthol and sulphuric 
acid. To obtain this, he takes i to i cc. of the fluid containing sugar — urine 
should be highly diluted for the purpose — places it in a test-tube, and adds to it 
two drops of a 15-20 per cent, alcoholic solution of a-naphthol. The fluid 
becomes turbid from the precipitation of some of the a-naphthol. Concentrated 
sulphuric acid is now added in excess, and the whole is well mixed. The pre- 
sence of sugar is shown by the transitory appearance of a blue colour, and the 
formation of a violet-blue precipitate on the subsequent addition of water. 

(6.) This reaction is obtained with thymol and sulphuric acid. The urine 
which is thought to contain sug^ is highly diluted, and to |-i cc. in a test-tube 
is added first two drops of a 15-20 per cent, alcoholic solution of thymol, and 
then sulphuric acid in excess. When the mixture is shaken, the momentary 
development of a *' cinnabar-ruby-carmine red " discloses the presence of sugar, 
this colour giving place to carmine when the fluid is diluted with water. 

By this method Moliteh maintains that so small a proportion as 0.00001 per 
cent, of sugar can be detected. Similar reactions, however, may be obtained 
with cane-sugar, fruit-sugar, and maltose. Seegen^^ has further investigated 
the subject, and found that chemically-pure solutions of proteids, and especially 
of serum-albumin, behave in like manner. The author has repeatedly performed 
the test with albuminous urine, with the result that the a-naphthol reaction was 
obtained when the fluid was diluted in a much higher degree than that (i : 100) 
recommended by Molisch in the case of sugar. In presence of albumin, the dark- 
violet coloration of the fluid was followed by the deposition of a greenish-black 
precipitate. The thymol and sulphuric acid reaction \iith this body was almost 
identical with that displayed by sugar. 

For these reasons, Molisch's reactions, whicli no doubt find a valuable applica- 
tion in vegetable physiology, are not to be recommended as a test of glycosuria. 
The researches of Myliut and v. Udranthy *" have made it clear that Molisch's 
reaction is identical with the furfurol reaction, which takes place not only with 
sugar, but with any carbohydrate. 

It remains to mention that experiments have l)een instituted by 
several investigators (r. Brueke^ Seegen^ Abelesy Salkotcski^'^) with the 
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object of separating the sugar when it exists in very small quantities in 
the urine, and submitting it in the concentrated form to the action of 
Trommer's and other tests. 

The separation and detection of grape-sugar, as of the carbohydrates 
generally, may be effected by the action of benzoyl chloride, which with 
the carbohydrates forms insoluble benzoic acid aethers. For this pur- 
pose the urine is treated with benzoyl chloride and caustic potash. If 
to a litre of urine there be added 200 cc. of a 10 per cent, soda solution 
and 10 cc. of benzoyl chloride, the nauseous smell of the latter disappears 
on shaking the mixture, and a precipitate results. The addition of 
concentrated sulphuric acid and a few drops of an alcoholic solution of 
a-naphthol causes an intense red colour if a trace of a benzoyl combi- 
nation with the carbohydrate be present, and the coloured fluid will 
exhibit a well-defined absorption-band in the green part of the 
spectrum. -'^^ 

It is indispensable that both the sulphuric acid and the naphthol 
solution should be absolutely pure. To ascertain that they are so, a 
10 per cent, solution of a-naphthol in chloroform is prepared, and to a 
drop of this in a test-glass is added first 0.5 cc. of water, and then i cc. 
of pure sulphuric acid. If the reagents are serviceable, the mixture 
assumes a yellow tinge. A little is next added to the fluid to be investi- 
gated, — t,e,, to a benzoic acid aether precipitate suspended in water. A 
reddish-violet ring is evidence of sugar or a carbohydrate (Luther, 
Roosy^^ This proceeding, though simple, is open to fallacy, since many 
other substances, as albumin, fats, <fec., form acid aethers with benzoyl 
chloride. In other words, it is a form of the furfurol reaction, and 
partakes of its ambiguous character. The necessity of securing abso- 
lutely pure reagents is a further disadvantage which detracts from its 
value as a clinical test 

(/?.) Quantitative Estimation of Grape-Sugar. 

I. Titration Method {Fehling),'^"*'^ — The principle upon which this 
method is founded depends upon the property which grape-sugar pos- 
sesses of reducing cupric oxide to its suboxide in alkaline solutions. It 
has been applied in various ways, and most of these are to be foimd 
described in the text-books of urinary chemistry. Fehling's process has 
hitherto been chiefly in vogue, but, in common with most of the others, 
it is tedious and difficult, and consequently but little suited to tlie 
requirements of the physician. At once the simplest and most satis- 
factory mode of procedure is that adopted by Leuhe and Salkowski.'^'-^ 

An opinion is first formed from the density of the urine as to the 
quantity of sugar which it probably contains. It is then diluted to 
such an extent that this shall not exceed 0.5 per cent, of the entire 
fluid — 6- TO times its volume of water may be needed for the purpose.-"^ 
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The diluted urine is placed in a burette. Ten cc. of Feliling*s solution 
are measured into a white porcelain capsule, 40 cc. of water added, 
and the bluish mixture heated until it begins to boil. The diluted 
urine is now slowly added, and a precipitate of suboxide (red) or 
its hydrate (yellow) falls, whilst the fluid loses its blue colour. It 
is im|X)rtant to ascertain the precise point at which this colour has 
disapi)eared entirely, showing that the fluid no longer contains free 
sugar. When this is reached, i cc. of the fluid is taken and filtered 
through thick filter-paper. The filtrate, which shoidd he quite clear, 
is acidifie<l with acetic acid, and a little ferrocyanide of potassium 
is added. The presence of cop])er will be shown by a brown colour, 
and 0.5-1 cc. of the diluted urine must then be added until the brown 
<'olouration no longer takes place. On the other hand, should it happen 
that the fluid when tested is seen to be free from copper, the whole 
process must be repeated with a smaller quantity of urine. Finally, 
when, as sometimes ha]^pens, suboxide of copper is not precipitated, 
and jmsses through with the filtrate, the experiment is entirely frus- 
tmted. When these ix)ints have lieen attended to, the process is 
repeated, that quantity of urine being taken at the outset which was 
found to ])e requisite. A calculation is then made by multiplying the 
number which expresses the dilution (in volumes) of the urine by 5 
(10 cc. of Fehling's fluid correspond to 0.05 grm. sugar), and dividing 
the product by the number of cc of diluted urine employed. The 
result is the i>ercentage of sugar in the original urine. Salkoicaki^^ 
has suggested that the cuprous oxide formed should also be weighed. 
And Munk^^*^ recommends that a few drops of a 15.8 per cent, solution 
<»f chloride of calcium be added to the mixture of urine and Fehling's 
solution, to promote the precipitation of the copper salt. 

Fehling's fluid is prepared as follows: — (i.) 34.639 grms. of pure crystalline 
cuprous sulphate are weighed out and dissolved in water with the aid of a little 
heat, water is then added to 500 cc, and the whole placed in a tightly-stoppered 
flask. (2.) 175 grms. of Rochelle salts (potassium and sodium tartrate) and 100 
cc. of caustic soda of 1.34 sp. gr. are dissolved in 500 cc. of water, and well 
mixed, and also placed in a well-stoppered bottle. 

When required for use, equal parts of these solutions are measured with a 
pipette, and the mixture constitutes Fehling's fluid. 

[Mr, MariindcUc recommends the following formula : — (i.) Sulphate of copper, 
181 grains; distilled water to 6 ounces. Dissolve. (2.) Tartrate of potassium, 
neutral, 728 grains ; caustic soda, 360 grains ; distilled water to 6 ounces. 
Dissolve. 

Of a mixture of these two solutions (Fehling's fluid) in equal volumes, 10 cc 
will be decolorised and reduced by 0.05 grm. of glucose or diabetic sugar in 
solution. 

Titration wit ft Pavy^s Ammoniated Cujyric Sulidioii, — This is a 
fluid composed tia follows: — Cupnc sulphate*, 4.158 grms.; ix>ta98ic 



282 THE URINK. 

sodic tartrate, 20.4 grms. ; caustic ix)tash, 20.4 grms. ; strong ammonia 
(sp. gr. 0.880), 300 cc. ; water, i litre. The object of the ammonia is 
to prevent the precipitation of the suboxide, and so to render the de- 
coloration of the copper solution more evident. In preparing the fluid, 
the caustic potash and the tartrate are dissolved together, the cupric 
sulphate by itself ; the two solutions are mixed, and when cold the 
ammonia is added, and water supplied to the specified bulk. Ten cc. of 
this solution are decolorised by 0.005 grm. of sugar. Dr. Pavy recom- 
mends for clinical convenience the use of hermetically-sealed tubes of 
glass, each containing 10 cc. of the solution. ^^J 

2. By Fermentation. — This method of analysis was first suggested by 
Roherts^^''^ and Worm-Muiler ^^ applied it to determine the proportion 
of sugar in the urine from the density of that fluid before and after 
fermentation. According to Woim-Muller, this method, with the aid 
of a thermometer and a pycnometer fitted with a graduated index-scale, 
gives good results where so little as 0.5-1 per cent, of sugar is present. 
Roberts concluded from experiments that a difference of 0.00 1 sp. gr. 
corresix)nded to 0.23 per cent, of sugar, and arrived at the following 
formula : — 

_Dxo.23o 
0.001 

Where 

X = the percentage of sugai\ 

Z> = the difference in the density of the urine before and after fer- 
mentation. 

It is possible to obtain good approximate results from the application 
of this method clinically. The following apparatus is required : Two 
hydrometers accurately graduated to four j^laces of decimals, and each 
provided with a thermometer carrying a fractional index, and capable 
of registering y^," C. These instruments should measure densities 
ranging between i. 000-1.025 and 1.025-1.050 respectively up to four 
places of decimals. 

The first step is to take the sp. gr. of the urine at the temperature for 
which the hydrometer in use was constructed. This may be done by 
placing the test-glass containing it in a vessel of water, which may be 
cooled or heated as required. 100-200 cc. of the urine are then placed 
in a flask, together with some fresh yeast which has been carefully 
washed on an ash-free filter to secure removal of inorganic impurities. 
The flask is next closed with the arrangement represented in fig. 128, 
by which evaporation is prevented. Fermentation is allowed to go on 
for 24-48 hours. After this, the fluid, which should be clear, or nearly 
so, is passed rapidly through a filter, and its density again taken at the 
appropriate temperature, the latter being secured and ascertained as 
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before. From the observations made, the percentage of augai is calcu- 
lated bj the formula given above. 

In twelve cases of diabetes this method ptoveil most valuable. Its 
simplicity renders it very suitable for clinical use. 

The S^res in the (oUoning table afford the means of comparinK tlie results 
obtained bj fermentation and b; means of Lippicb's polarjmeter in a series 



1. Fermentation : 


3.22; 


3-SS; 


4-49; 


S.38J 


6.06; 


6.23: 


6.0 


I. PoUrimetry ; 


"S! 


365; 


4.67; 


S.60; 


6.01 ; 




6.1 



5-7** 

3. By PolaruatioR. — Grape-sugar jtossesHes a dextro-rototory power 
for polnrisetl light, and upon this fact a quantitative test for that body 
is baseil. Such a test must necessarily be open bi fallacy, inasmucli as 
the urine in diabetes is apt to contain other substances, such as ^xy- 
butyric acid and levulose, which rotate light in the opposite direction. 
It is well, therefore, in applying it, to do so both before and aft«r fer- 
menlatioii [Hoppe-Seylei; Kulz, Worm-MiUlei; and K. A. M. Mumer), 
when the difference in the results will be a measure of the quantity of 
grape-sugur in solution. The advantage of the method is that it dis- 
penses with delay. In recent times it has been invested with great 
accuracy by the use of a jxjiarimeter constructed on the principle devised 




by Lippich. This instrument is 
jdoyed thus : — 

The graduated disc is turned towards tlie ohsener, and the tube 
towanis the lamp, and tlie cap which covers the telescope and the 
posterior end of the apparatus is removed. The lamp is placed at a 
distance (45 cm.) equal to the length of the instrument itself. Car- 
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boiiate of soda is placed in the cage attached to the lami), and fused 
until the receptacle is full. The latter is then fixed in the lamp in such 
a way as to be in contact with the flame at the side only, and a screen 
is so placed that the light passes only through the aperture in it. 

The following description will sufficiently explain the construction of 
the instrument : — At the hinder end of the polarimeter is a rod sup- 
porting the arc of a circle, and behind this, in the direction of the lamp, 
another rod, with a notch marked upon it. The second rod is fitted 
with a screw, by means of which it moves upon the first, and can be 
iixed in contact with the latter. When the line upon the upi)er surface 
of the adjustable rod corresponds to the central point (o) of the metallic 
arc, and this with the of the vernier, the entire field is dark, and by 
rotating the arc (which is done with the ivory lever in front) both 
halves wUl be obscured or illuminated equally. In experimenting with 
the instrument, the adjustable rod is deflected slightly to the right or 
to the left. It is practically a lever attached to the box containing a 
Nicol prism (d in the section, which is represented as seen from above), 
and rotates the \msu\ on its axis. 

In conducting an observation, the tube containing the urine or other 
fluid to be examined is placed in the capsule, and the second rod is 
moved right or left, say as far as the mark 4. The observer then looks 
through the telescope, and adjusts the instrument in such a manner 
that the fleld is illuminated to the utmost in one half at least ; after 
which he moves the telescopic tube until the vertical line dividing the 
fleld into two equal parts is rendered as narrow and well defined as pos- 
sible, and the position of the flame is again looked to. The ivory lever 
is now moved forward, and the iivier notched rim of the disc is rotated 
to the right or the left, until both halves of the field are equally obscure. 
The lever is next reversed, and the observer works the micrometer screw 
at the lower part of the disc, whilst he looks for a difierence in the 
degree of illumination of the two halves of the field. If this does not 
occur, the latter was either too bright or too obscure. It may be 
reutlered brighter by increasing and inverting the angle between the 
two rods (c, d) to which the polarisers are connected ; and the less this 
angle, the less will be the variation with equal differences of adjustment. 
When the pro|)er degree of illumination is obtained, a number of read- 
ings are taken with different adjustments. 

The number of degrees to the nearest \'*, from the zero-point of the 
disc to that of the vernier, are read off*; and then, proceeding in the 
same direction, the first line on the vernier which exactly corresponds 
with a division on the disc is noted. This is easily found by inspecting 
the divisions to the right and left of that one which is assumed to be 
correct. Both are on the inner side of the corresponding marks on the 
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circle. The longer lines on the vernier correspond to o.oi*, the short 
ones to 0.005**. In practice, the adjustments should not differ by more 
than 0.005'. 

The way in which the readings are taken may best be shown by an 
example : — Supposing the zero-point of the disc stood to the right of 
the zero-point of the vernier, and that, between the two, j' in addition 
to twenty long vernier marks and one short one had been counted, 
then + f°, 205 is written down. With further readings, the vernier 
marks only are noted, added together, and the average taken. Should 
the result again l)e 205, then 

r = o-75°> 0.75° + 0.205°= +o.955^ 

One long mark = 0.01', 20 long marks = 0.200°. 
One short mark = 0.005°, ^ short mark = 0.005°. 

Finally, the zero-j^oint is fixed by taking the tube out of the capsule 
vnthout otherwise alfenng the arrangement of the instrument. 

The field of vision is unequally illuminated, and the mark no longer 
distinct. The telescope is focussed to show the mark, the lever brought 
forward, the disc put in with the hand, the lever reversed, and the 
micrometer screw carefully adjusted. A number of readings is taken, 
and an average stnick. Supposing this to be = - 2.045° (**^-> ^^® 2®^ 
mark for the present inclination of the polariser rods), the number is 
to be deducted from the original reading ; thus, + 0.955 - (- 2.045) = 
0.955 + 2.045 = a-o**- 

If the urine was examined in a tube two decimetres long, then 

2 [«]d = 3•o^ and [«],, = 1.5. 

[a]n being the specific rotating power for grape-sugar (CgH^gO^), is 
in this case = + 52.5°. 

52.5° for 100 grms. in 100 cc. 

100 

1° for grms. in 100 cc. 

52.5 

100 X 1.5 
1.15° for in*ms. in 100 cc. 

The percentage of sugar in the ca«e taken would therefore be 

100 X 1.5 



52.5 



= 2.85 per cent. 



Care should be taken throughout the observation that the position 
of the lamp is not altered, otherwise varying results are obtained. 
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During the whole process, therefore, the S4ime position of the lamp and 
instniment must be maintained, and all readings should be taken con- 
tinuously with one filling of the platinum cage. 

By carefully ol)serving these i)recautions, very accurate results may 
be obtained. 

The instrument will serve also to show whether a liquid has the power of 
rotating light or not. In the latter case, the zero-point of the disc stands in the 
same lateral position to the zero-point of the vernier as the second pointer to the 
zero-point of the segment connected with the polariser (right or left), the devia- 
tion of the zero-point of the disc from that of the vernier being half as great as 
the deviation of the two rods. 

2. Lsvnlosnria. — Fruit-sugar is found sometimes in conjunction with 
grai)e-sugar in the urine {K. Zimnier, Seegen).^^ The latter will then 
yield all the I'eactions of grape-sugar, including that with phenyl- 
hydrazin. It may happen under such circumstances that a specimen 
of the urine examined with the i)olarimeter will fail to rotate polarised 
light to the right, or may even rotate it to the left ; and from this fact 
the presence of Isevulose may be inferred. 

3. Lactofiuria. — Milk-sugar occurs in the urine of women who are 
nursing.2^ Its recognition can be effected oidy by separation from the 
fluid (Hofmeister), An effort has been made with the phenyl-hydrazin 
method to transform* this body in the urine into phenyl-lactosazon 
{0, JaJcseh 2®*), but as a test the expedient has not succeeded. 

According to Fischer^ the presence of milk-sugar may be inferred if, 
while no result is obtained with the phenyl-hydrazin and the fermenta- 
tion tests, evidence of sugar is given by Trommer*s and Ny lander's 
tests. 

4. Dextrin. — Dextrin has been seen in the urine of diabetes (E. 
Jteichard ^^), where it seemed to take the place of grai>e-sugar. In such 
cases Reichard found that the urine behaved 'vvith Trommer's test in 
all respects like a solution of dextrin, the originally blue fluid becoming 
first gradually green, then yellow, and sometimes dark bro>vn. 

5. Animal Onm. — Landtvehr^^ has recently foimd in the urine a 
carlx)hydrate presenting a close analogy to members of the gum series. 
To this he has given the name of " animal gum," and he believes that 
it is a normal constituent of the fluid. Tlie methods for its detection 
and isolation will be found in the original contribution on the subject. 
The statements there made are confirmed by Wedemki,^' 

Amongst other carbohydrates occasionally present in health and disease 
are maltose {Le NoheJy v. Aekem^, and a left-rotatory body observed 
by Leo Jind Ktilz ^^ in diabetic urine. 

III. Choluria* — Of the bile constituents, the biliary acids and pig- 
ments chiefly ronconi us here. A third constituent of the bile, choles- 
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terin, lias never yet been found in the urine in jaundice, although it 
occurs in considerable quantities in other connections. 

Hoppe-Seyler^^ has satisfactorily proved that biliary acids occur in 
the urine of jaundice ; but their presence is of relatively little clinical 
interest, since they can be detected only by tedious chemical processes, 
but seldom suited to our purpose. None of the methods which have 
been suggested for the recognition of these bodies directly in the urine 
can be relied upon. That of Mackay, which is founded upon their 
physiological properties, is perhaps the most useful with which we are 
acquainted. Where the presence of bile acids in considerable propor- 
tion is suspected, resort may be had to the method for their detection 
in the blood (p. 75). The biliary acids, when isolated, or obtained as 
an alcoholic extract from the evaporation, residue of the urine, may 
also be submitted to the furfurol test. To this end the fluid is treated 
with a few drops of a o. i per cent, watery solution of furfurol and sul- 
phuric acid The presence of biliary acids is shown by a red colora- 
tion. 2^1 This reaction, however, is given by so many substances that 
its value as a test is slight (see p. 280). 

A fact of much greater practical interest is the occurrence of bile- 
pigments in the urine. This results from the comparative ease with 
which they may be recognised. Their manifestation implies, in the 
first place, that there has been obstruction of the bile-ducts in the liver, 
in consequence of which substances secreted by that organ have made 
their way into the lymphatics and the general circulation, from which 
they are subsequently eliminated by the kidneys. This is hepatogenic 
jaundice^ the commonest form of choluria. The conditions which cause 
it are manifold and various. Of these, simple obstruction or narrowing 
of the bile-ducts is the most obvious. But when it is remembered that 
the pressure under which the bile is secreted is very slight, it will become 
apparent that other circumstances — as, for instance, one-sided immobility 
of the diaphragm, thrombosis of the portal vein, <^'c. — will tend to retard 
the propulsion of bile, and consequently to induce choluria. Such 
causes must be discriminated by physical examination, and on othei* 
groiuids. 

The bile-pigments of urine are not in all cjises necessarily derived 
from the liver. It is conceivable that, with a quite normal biliary 
function, these bodies may be present, and they then owe their origin 
to blood-colouring matter which has undergone certain changes (p. 61) ; 
and these changes may take place either in the blood proper (Juematogenif' 
jaundice 2^'-) or supervene when the colouring matter has been discharged 
in the tissues {QuincJce^s inofjenic jaundice) P'-^ 

It follows from what has been said, tliat the appearance of bile-pig- 
ment in the urine is a fact of very extended import, and caution must 
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• 

be observed in inferring from it the existence of hepatic disease. Still 
the latter is by far its more common association. 

Urine containing bile-pigments is usually clear, deeply stained a 
yellow- or greenish-brown, and .when shaken shows a yellow froth, 
even when these bodies are in very small proportion. The chemical 
tests for bile-pigments are very numerous, but it will suffice here to 
describe three, which alone, |)erhap8, are entirely tnistworthy. 

It has been claimed for the *' cholecyanin test " of Stokvis ^* that it is the most 
sensitive of all ; but of this the author has no experience. It must be borne in 
mind that bilirubin alone, of all the bile-pigments, occurs in fresh urine ; the 
other pigments, bilirerdin, bilif uscin, and biliprasin, being its oxidation-products. 

I. GnptUn^s Test/^^ — A small quantity of nitric acid containing 
nitrous acid is placed in a test-glass, and a little of the urine under 
examination is poured in a separate layer ujwn its surface. To do this 
care will be necessary, and it will \ye facilitated by slanting the test- 
glass so that the urine shall float on the surface of the acid. If bile- 
pigment be present, there is a play of colours at the point of contact 
lietween the acid and the urine, and a green ring in particular forms, 
indicating the i)roduction of biliverdin. Gmelin's test will not serve 
for urine which has been treated with alcohol, since that body, when 
similarly brought in contact with nitric acid, also yields a beautiful 
bluish-green ring (H. Huppert),^^ 

In Rosenbach^s'^^ modification of Gmelin's test, the urine is passed 
through a filter, and on the latter a drop of nitric acid is allowed to fall, 
when the coloured rings will develop around it. This process affords 
a very sensitive test, but its results can be relied upon only when the 
filter-paper employed is known to be absolutely free from impurities 
(colouring matter) which might account for them. 

Dragewlorff^s '-^ method is to place a little of the urine on a plaster 
of Paris disc, and when the greater part has been alisorbed, a drop of 
nitric acid is applied to the remainder. A parti-coloured ring fonus 
around, in which the green tinge is prominent. 

2. Ultzinann^s fvst ^^ is very serviceable in cases where the urine con- 
tains a considerable projwrtion of bile-pigment The urine is mixed 
with solution of caustic potash (one jwrt to three of water) in a test- 
glass, and hydrochloric acid added. The production of biliverdin by 
oxidation is indicated by the fluid assuming an emerald-green tint. 

Huppert's nietltod -^ serves for the detection of the merest traces of 
bile-pigments. 8 to 10 cc. of urine are treated with milk of lime, and 
the resulting j>rocipitate is removed by filtmtion, and treated with 
sulphuric acid and alcohol in a test-glass. Sulphuric acid is added 
imtil the solution has an acid reaction. It is then boiled, when tlie 

T 
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precipitate is decolorised, if bile-pigment is present, and the liquid 
assumes a green tint. . With similar treatment urine abounding in 
indican deposits a bluish-grey precipitate at the outset, but with the 
subsequent process not a green, but, if any, a yellow or reddish colour 
develops. Urine which contains urobilin, on the other hand, is made 
in this way to exhibit a deep-rose colour (p. 292). 

Ehrlich.'^^ has devised the following method for the detection of 
bilirubin in the urine. The latter is mixed with its o>vn bulk of dilute 
acetic acid, and, drop by drop, is added a mixtiu^ consisting of i grm. 
sulphanilic acid, 15 cc. hydrochloric acid, and o.i grm. nitrite of sodium 
to the litre. A dark discoloration takes place, which on the further 
addition of glacial acetic or other acid passes to a characteristic violet 
colour (bilirubin). 

(7. le Nobel ^-^ recommends that the urine be mixed with zinc chloride and a 
few drops of the tincture of iodine ; this produces dichroism. It should be 
displayed by the urine of jaundice, even if all other reactions fail. 

IV. Urobilinuria. — Jafe ^^ was the first to discover urobilin in the 
urine. It seldom exists pre-formed ^'* in the recently passed healthy 
fluid, but the latter holds a chromogen (see p. 214) which yields urobilin 
on the addition of acid. 

According to MaeMunUy the urobilin of febrile urine is different from that of 
health. 

[Febrile or '* pathological " urobilin {MacMunn)^ like normal urobilin, is a 
derivative both of bile- and of blood-pigment. It is identical with or closely 
resembles stercobilin. It has a distinct spectrum, and, chemically, is a less 
highly oxidised product than normal urobilin (see also p. 61). The spectrum 
of pathological urobilin show three bands, one before /), one between D and E^ 
and one at F.]^ 

This body is present in large amount in the urine of certain morbid 
states, amongst which may be mentioned fever, and the various affec- 
tions which are characterised by the disintegration of red blood-cor- 
puscles, as scurvy {Kretschy ^^), and in Addison's disease {Kummei').^^ 

[Moil ** and W, Hunter ** have observed urobilin in the urine in pernicious 
anaemia, and Hunter regards this as a point of much weight in diagnosis. It 
is also of interest as bearing upon the origin of urobilin. The appearance of 
urobilin in the urine is associated with an excessive elimination of bile into the 
intestine {Hunter), and with evidence of increased destruction of corpuscles in 
the portal vein. At the same time, the liver-cells arc found to be overloaded 
with iron. From these facts and others Mott concludes that haemoglobin is 
acted upon by the liver-cells to form urobilin or an allied pigment, which is then 
excreted by the kidney, while iron accumulates in the liver. Hunter assigns 
reasons for the view that other organs besides the liver effect this decomposition. 
In one of his cases the substance found in the urine was pathological urobilin.] 
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It often happens in cases which would be described as slight jaundice, 
that a yery dark-coloured urine is passed, and this is found on examina- 
tion to be free from bile-pigments, but abounding in urobilin {Gubler, 
Gerhardt).^^^ Tliis so-called " urobilin jaundice " occurs in connection 
with hepatic disease, most frequently with hepatic cirrhosis and conges- 
tion {Hayem),^^^ In twelve cases of atrophic and hjrpertrophic cirrhosis 
the author has never failed to detect urobilin; and it is, doubtless, 
valuable evidence of hepatic disease when supported by other symptoms, 
and in the absence of causes which are known equally to produce uro- 
bilinuria. Rosshach^^'^ has observed the latter in a case of multiple 
neuritis, and it follows inoculation with Koch's tuberculin. Protracted 
cldoroform narcosis is also recognised as a cause {GavallerOy Kasij and 

It is further a fact of great clinical interest that the excretion of 
considerable quantities of urobilin has been observed to attend on intra- 
cranial hsemorrhages [Bergmantiy Ktcnkel^^^]y hsemorrhagic infarction, 
retro-uterine hematocele, and extra-uterine pregnancy (Did^,^^^ Apart 
from its occasional association with liver complaints, the author's expe- 
rience has been that urobilinuria occurs most commonly in the course 
of extensive cutaneous haemorrhages due to scurvy, carcinoma, the 
hflemorrhagic diathesis, &c. ; extravasation under such conditions was 
constantly followed by the appearance of urobilin in the urine, and this 
l)ecame more marked as the process fell into abeyance, thus suggesting 
the inference that the blood colouring-matter discharged into the cuti- 
cular tissues was again absorbed and eliminated by the kidneys in the 
form of urobilin. [Cases of this kind which occurred under Dr. Binger^s 
care are rejwrted by MacMunTk^^^] Tlie individuals in whom this pro- 
cess was going on commonly exhibited a pronounced yellowne^ss of the 
skin. In such of these cases as afforded an opiK)rtunity for post-mortem 
examination, the bilenlucts were invariably found unimpeded, and during 
life the urine was free from biliary pigments. In the cases of urobilin- 
uria which have come under the author's notice, the skin was very 
commonly tinged yellow (jaundiceil ?), but this was not without excep- 
tion, and in such cases he has invariably found bile-pigment in the 
blcMHl (see p. 76). From these facts it appears probable that the blood 
colouring-matter, having been convertetl into bile-pigment, re-enters the 
circidation as such, and is excreted as urobilin. Since there is no uro- 
bilin in the bloixl, a "urobilin jaundice" cannot be assumed; but in 
some cases bile-pigments derived from the blood are eliminated as 
urobilin, and in others bilirubin formed in the liver for some reason 
enters the blood, and is similarly disposed of. [The researches of Moit 
and Ilunter^ noticed above^ point to the liver as the place where normal 
urobilin is sometimes formed.] 
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Recent investigations by Leube ^^^ have made it probable that under 
some circumstances bilirubin is reduced to urobilin in the kidney* 

Urine which contains much urobilin is characterised by its very dark 
colour; but this does not suffice to distinguish it, inasmuch as other 
substances, and notably an abundance of the antecedent of indigo, will 
impart the same quaHty to the water. Moreover, it vri]l sometimes 
furnish a beautiful yellow froth like that of jaundice. Such urine has 
the property of displaying fluorescence in presence of ammonia and 
zinc chloride. For the detection of urobilin Gerhardt ^^^ suggests that 
a chloroform extract of the urine should be treated with solution of 
iodine, and caustic potash added, when a beautiful green fluorescence 
develops. The author has adopted in about eighteen cases of urobilin- 
uria the following method : — The urine is submitted to HupperVs test 
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Fio. 130.— Spectrum of Urobilin in Acid Urine. 
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Fio. 131.— Spectrum of Urobilin in Alkaline Urine. 



ioT bile-pigments (p. 289). If urobilin be present in considerable pro- 
IK)rtion, the precipitate is coloured a brownish-red, and becomes decolor- 
ised on boiling with sulphuric acid, while the fluid assumes a brownish 
or j)omegranate-red tint. If, on the other hand, the urine contains but 
little urobilin, the fluid immediately above the precipitate takes a reddish 
tinge.^^^ Occasionally this and all other tests will fail, and resort must 
then be had to the spectroscope. 

The urine in this condition may be freed from colouring-matter by 
aether or amylic alcohol. Its spectroscopic characters are remarkable. 
When acid, if rich in urobilin, it displays a distinct absorption-band in 
the green and blue between Fraunhofer's lines h and F (fig. 130), and 
usually extending with diminished intensity beyond F. When alkaline, 
a less well-marked Imnd is seen midway between h and F (fig. 131). 
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The quantitative estimation of urobilin may be effected by means of 
VierordVs^'^ spectrophotometer. For its separation, Jaffffs^^ method, 
or that of Mehu ^^ (see p. 204), may be employed. 

V. HSBmatoporphyrilluria. — ^The presence of hffimatoporphyriii 
in the urine of diseased states has been noticed by [MacMunn^ Le Nohely 
and] E. Salkoicskif^^ although cases previously reported by others, and 
amongst them by Stokvis/^-^ would appear to be instances of this con-, 
dition. [ (Uro)h»matoporphyrin, like urobilin, may exist in the urine 
partly in the form of a chromogen, which becomes a pigment on oxida- 
tion (Halliburton).^^] Viewed by reflected light, the urine is opaque 
and almost black — or in a thin layer, brownish-red. The colour is 
unchanged by boiling. It is, or may be, free from albumin, since 
hsematoporph^Tin does not contain albumin. When diluted and treated 
with HCl the characteristic spectrum (Hoppe-Seyler^^^) may be seen.. 
This exhibits four absorption-bands, viz., two, narrow and faint, situated, 
one between C and Z>, the second between D and E but nearer to E, 
and two broml and dark bands, of which one overlaps D to the red 
end of the spectrum, while the other lies between h and F. These 
latter may alone be visible, and are alone evidence of hsematoporphyrin. 
To detect this substance chemically, about 30 cc. of the urine are taken 
and treated with alkaline solution of barium chloride ; the mixture is 
filtered and the precipitate washed first with water and afterwards with 
absolute alcohol ; the precipitate while still wet is rubbed up in a mortar, 
with alcohol and hydrochloric acid, allowed to stand for a while and 
then heated in the water-bath. The solution thus obtained, if hsemato- 
ix)rphyrin ]ye present, shoidd have a reddish colour, and when filtered 
and examined with the sj^ectroscope, the filtrate shoidd give the two 
absorption-bands of hsematoporphyrin (ScUkowski). The clinical signifi-* 
eance of this state is not yet fully known. [MacMunn ^2" and Le Nobel ^ 
have described it in Addison's disease, acute rheumatism, pneumonia, 
measles, pericarditis, typhoid, meningitis, and other diseases.] In some 
people it follows the use of sulphonal.-'**'* 

[Hfiematoporphyrin derived from the blood by the action of sulphuric 
acid and (uro)h»matoporphyrin derived from urine differ in their 
spectra. MacMunn has recently found a pigment, which he r^ards as 
intermediate between the two, in three specimens of urine. These 
urines were of a deep Burgundy-red colour, free from albumin, and on 
the addition of HoSO^ showed the spectrum of acid h»matopoq)hyrin.^ 

VI. £ther-Sulphuric Acids and their Derivatives {Indigo- 

Blue, Indigo-Red, Skatol, Phenol, Parakresol, P^jroeatechin, Hydroehinon) 

and the Aromatic Oxy-Acids. 

(a,) Indicannria. — Indigo-blue (indigo, indigotin) as sudi, is rarely 
present in the urine', usually in decomposed urine, and hardly ever so 
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plentifully as to impart its colour to the fluid. It may always, however, 
be obtained from urine as a product of the decomposition of salts of 
indoxyl-sulphuric acid (potassium indoxyl-sulphate).^^^ 

Indol, a regular i)roduct of bacterial putrefaction of albumin ,(8ee 
p. 202), is the basis of indican (indoxyl-sulphuric acid).^*-^ It is oxidised 
to indoxyl within the system, and by combination with the sulphuric 
acid present forms indoxyl-sulphuric acid. The decomposition of in- 
doxyl-sulphuric acid yields, besides indigo-blue, other substances of 
similar character, such as indirubin ; but to these no practical interest 
attaches in the present state of our knowledge. •'^•'^ 

With reference to the clinical imjiort of indicanuria, it must be bonie 
in mind that the quantity of indoxyl-sulphuric acid formed varies 
in health with the foml ingested, and it is increased especially by 
animal diet. 

Apart from this, an undue proportion of indican in the urine is a fact 
of pathological interest, and there are certain diseases in which indoxyl- 
sulphuric acid is regidarly produced in excess. 

It was formerly believed that starvation and wasting diseases were 
attended with the separation of indican {Senator ^^) ; but more recent 
observation'*^ has shown that this is dependent on the fact that in 
such diseases albuminous putrefaction takes jilace iu tlie alimentaiy 
canal, and in consequence there is an increased production of indol, the 
antecedent of indican. The presence of indican in the urine is very 
often a sign of intestinal putrefaction, and its quantity in certain cases 
varies with the activity of that process. ^^ It may also accom^mny the 
decomposition of albumin in other cavities. Thus, in a case of pleurisy 
mth abundant unhealthy exudation, the author has found a profusion 
of indican in the urine, and when this manifestation arises in the course 
of peritonitis, it may 1x5 taken as an evidence of the character of the 
disease and of the formation of putrid pus. [Hodmngei' ^"^ has recently 
studied this subject in coimection with infants. He found that the 
urine of new-born children was free from indican, and in healthy infants 
it occurs only in traces. It becomes more abundant in intestinal dis- 
orders and is always most so when these are attended by acute 
diarrhoea.'*'^ Tuberculosis, whether affecting the intestinal tract or 
not, was always accompanied by profuse indicanuria. Hochsinger 
attributes the condition to decomposition of milk-albumin in the in- 
testinal tract.] 

Large doses of thymol were followed by an increased production of indican 
{Bohland),^ 

In geiiei'oly there/ore, the appearance in tlve urine of large quantities of 
indican implies that abundant albuminous putrefaction is progressing 
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actively in some paH of the system. Caution must he observed in further 
nairowing the inference as to dicu/nose a gangrenous suppuration^ for 
instance^ since in simple constipation a notable indicanuria will very 
often a)ise. 

It may be remarkeil here that the deep brown colour which usually 
belongs to urine rich in indican is not due directly to the presence of 
indoxyl-sulphuric acid, but depends upon the liigher oxidation products 
of indol which accompany it. These bodies bear to indoxyl-sulphuric 
acid the same relation that tlie brown, green, or black colouring matters 
of carbolic urine do to phenol-sulphuric acid. 

Detection of Indican. — The methods employed for this purpose pro- 
ceed upon the principle of splitting up the indoxyl-sulphates of the 
urine, and obtaining from them a coloured product — indigo-blue. 

Jaffe*s TestJ^^ — A few cc. of the urine are treated with an equal 
quantity of hydrochloric acid, and, drop by drop, a solution of some 
hypochlorite is added by means of a glass pipette, and shaken up with 
the fluid. The chromogen formed by decomposition of indoxyl-sidphuric 
acid is oxiilised into indigo-blue. Care must be taken that hypochlorites 
are not in exce^^s, since this would alter and bleach the indigo-blue. 
Stokvis'^^ recommends the admixture of a little chloroform in the 
process, with the object of ilissolving the indigo-blue as it forms. The 
chloroform solution then takes a blue colour [and the colouring-matter 
is obtained jus a deposit after evaporation. Albumin if present should 
be removed before performing this test, since it forms a blue colour 
with hydrochloric acid (HajllihuHon)^^'^^ 

Oberniayei' •**^ has suggested a usef id modification of Jaffes test. The 
urine is treated with i in 5 solution of sugar of lead, whicli, however, 
must not be in great excess, filtered through dry jmjwr, the filtrate mixed 
with an equal bulk of fuming HCl containing i to 2 parts in 500 of ferric 
chloride solution, and then thoroughly shaken for one to two minutest 
Tlie indigo-blue formed is then taken up with chloroform. 

Wehei^s Test,^^ — Thirty cc. of urine are mixed with an equal quantity 
of hydrochloric acid, 1-3 drops of dilute nitric acid added, and the 
mixture boiled. Tlie fluid assumes a dark colour. If allowed to cool 
and then shaken up with aether, the presence of indigo-blue is shown by 
the fonuation of a blue froth on the surface, while the sether exhibits 
a rose or violet tint. [^MacMunn uses (»hlorofonn instead of aether, 
and examines the violet fluid with the 8pectroscoi)e, wliich sliows 
an ab8ori>tion-band Ixjfore D (indigo-blue), and another after D (indigo^ 
red). This method is preferable to Jafffs for the detection of small 
<iuiuitities of indigo, which are destroyed by the hyi)Ocldorite {HalH- 
burtfyn):^] 

Quantitative Estimaiion. — The methods of Jaffe, and SaUcowski are 
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the most useful. Their principle is. the same as that of the tests for 
the presence of indican. 

ScUkowskt's^^ Coloinmetric Process is perhaps the best. A rough 
analysis is first effected by detennining the quantity of chlorinated lime 
solution with which indigo forms in greatest abundance. If in this way 
it is found that the urine contains much indican, 2.5-5 cc. are diluted 
with water to 10 cc., while, if there be but little indican present, 10 cc. 
of undiluted urine are taken as the basis of the experiment. In either 
case an equal quantity of hydrochloric acid is added, and that propoi> 
tion of chloruiated lime solution which wjis found in the preliminary 
reaction to be required. The mixture is then neutralised with caustic 
soda, and carbonate of soda added to make it alkaline. The indigo-blue 
which forms is collected in a filter, and then washed with water until it 
no longer exhibits an alkaline reaction, when it is dried and rei>eatedly 
extracted by heating with chlorofonn initil the latter ceases to colour 
with it. Tlie chloroform extract is then, by the addition of chlorofonn, 
made up ti) a quantity expressed by a round number of cc. placed in a 
glass vessel with j)arallel sides, and the intensity of its colour compared 
^vith that of a freshly prepared chloroform solution of indigo-blue of 
known strength.***^" To one or other of these, as required, more chloror 
form is added, until their tint is adjudged equal. From the known 
constitution of the standard the quantity of indigo-blue derived from 
the urine (2.5-5 ^^^ '® ^^O ^^^^^ "^^y ^^ ^^^* known, and its i)ercentage 
may be readily calculated. 

From the urine passed in twenty-four hours under ordinary conditions 
of diet 5-20 mgrms. of indigo-blue can l>e obtained on an average. 

IndigO'ReiL — There is now no doubt (Rosin ^^) that indigo-red (indi- 
rubin) as well as indigo-blue occurs in the mine. It is formed together 
with indigo-blue when a urine rich in indican is boiled with nitric acid 
(0. RosenJxich^s test). For its detection Rosin r<»ndors the urine alkaline 
with sodium carbonate, and then extracts the indigo with aether. The 
inferences which Rosin has drawn from the presence of tliis body in the 
urine are questioned by other observers, and RosenhaclCs '^^ test cannot 
be taken as evidence of anything except that tlie urine contains abun- 
dance of the indigo antecedent. 

There are certain other aromatic derivatives of the urine which will 
engage our attention here, both because they are chemically allied to 
indoxyl-sulpliuric acid, and also because pathologically their production 
is apt to coincide with the manifestation of that substance. 

(Ik) Skatoxyl-Sulphuric Acid. — This Ixniy results from the skatol of 
the faeces (Brieger).^^ It is assumed that skatol, by a process analogous 
to that undergone by indol, is oxidised to skatoxyl within the body, 
appearing in the urine as skatoxyl-sulphuric acid. It is probable that 
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the red colour which develops in the urine in the presence of acids is to 
some extent due to decomposition products of this substance.^^ 

(c.) Parakresol- and Phenol-JEther-Sulphoric Acid. — The other mem- 
bers of the aromatic group which occur in human urine in combina- 
tion with sulphuric acid are phenol (carbolic acid), parakresol, pyro- 
catechin, and hydrochinon. To the latter we shall have need to refer 
again. The methods by which these bodies may be detected are highly 
interesting and clinically instructive. 

Salkowski'^'^ has shown that the urine of patients suffering from 
ileus and peritonitis, in addition to a large percentage of indican, con- 
tains also a considerable proportion of phenol-forming substance, and 
Brieger'a^^ experiments have proved that the elimination of the ante- 
cedent of indigo (indoxyl-sulphuric acid) on the one hand, and that 
of the phenol-producing substances (phenol, parakresol-aether-sulphuric 
acid) with the aromatic oxy-acids on the other, bear to one another no 
constant relation as to activity ; and that author found that in diphtheria, 
scarlatina, and facial erysipelas phenol was formed in greatly increased 
quantity, whilst in typhoid, relapsing and intermittent fevers, small- 
pox, and meningitis it could be obtained but very sparingly from the 
urine. These statements are borne out by others. ^*^ 

Again, in all cases where albuminous putrefaction is actively pix)- 
gressing in the intestine or other organs, in addition to the salts of 
indoxyl-sulphuric acid phenol is increased in the urine, and in general, 
together with phenol, the other members of the aromatic group become 
evident in connection with pulmonary gangrene, putrid bronchitis, foetid 
pleuritic exudation, and decomi)06ition genemlly throughout the body. 

Detection of jEtJier-SuIphuric Acids, — For tliLs puqxjse the urine is 
first treated with barium cliloride in excess to precipitate simple sul- 
phuric acid and then lx)iled with hydrochloric acid. If aether-sulphuric 
acid be present, it is decomposeil with the formation of the uncombined 
acid. This combines with the barium present to form sulphate of 
barium, and a white precipitate is de|K)sited. 

The quantiUitivo estimation of the phenols (phenol, parakresol) in 
conducted in the manner to be described at p. 299, and their presence 
may be determined by tlie tests given at p. 161 and p. 202. It must bt» 
mentioned, however, that the investigations of Bunipf'-^^ have sho\\ii 
that an accumto quantitative analysis cannot be made by any of the 
methoils hitherto in use. For the comiwrative investigation of these 
substances the original work of Brieger '*^ may 1^ consulted. 

Quantitative Estimation of jEther-Sulphuric Acid, — The i)ercentag(^ 
of this Ixxly in the urine may be best determined by Baumann^s^'* 
methoil as modified by Salkowski,^^ 

To 200 cc. of urine is added a like quantity of alkaline barium 
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cliloride solution (two parts saturated solution of baryta, anil one part 
of solution of chloride of barium saturated in the cold). The mixture 
is allowed to stand for some minutes and then passed through a thick 
filter which has been carefully dried. Of the filtrate, which must Ipe 
perfectly clear, loo cc. are taken and rendered strongly acid with lo cc. 
of hydrochloric acid (sp. gi\ 1.12), then boiled and heated on the water- 
bath imtil all the precipitate which forms has settled. The beaker may 
be heated on an iron plate coated with asbestos, and allowed to remain 
till its contents are cold. The precipitate is next collected and placed 
on a filter of Swedish paper which has previously been washed with 
dilute hydrochloric acid, and care must be taken that the filter is not 
idlowe<l to empty itself entirely during the process. With the aid of a 
glass rod j^roteeted with a ring of india-rubber, and rinsing with boiling 
water, the entire precipitate is placed on the filter, and is there washed 
with boiling water until the filtrate which passes through fails to give 
a precipitate with dilute siUphuric acid, thus showing the absence 
of free chloride of Imrium. Should it happen that the fluid passing 
through the filter is turbid, this may be due to the presence of soluble 
substances, as phenols produced by the decomposition of the compound 
acids. To ascertain their character in this case, the cloudy filtrate 
is pjjiced in a beaker on the water-bath heated to boiling-point, when, 
if the turbidity be due U) phenols, these pass oflf in vapour iand leave 
the fluid clear. Where, on the other hand, the appearance is caused 
by the barium precipitate having passed through the filter, the turbidity 
will not be removed in this way, and the experiment is spoiled. Tlie 
precipitate is next washed with boiling alcohol, and finally with aether, 
and together with the filter-paper placed u]X)n a platinum crucible of 
known weight and heated for a long time. After this the platinum 
crucible is raised to a white heat, allowed to e^ol, and then weighed 
again. The calculation is made as follows : — 233 parts by weight of 
siUphate of barium corres}x>nd to 98 parts by weight of sulphuric acid 
(H2SO4), and consequently the quantity of sulphuric acid in 100 cc. of 
the urine may be computed by tlie formula — 

.c = <? X 3/ = 0.4206 X M 
233 

Where 

X = the quantity of sulphuric acid required. 
M — the quantity of barium sidphate found. 

If the object be to determine the total quantity of the sulphuric acids 
(simple and compoimd), so as to find out their resj>ective proportions in 
the urine, the latter is filtered. Another 100 cc. are taken and treated 
with 10 cc. of hydrochloric acid (sp. gr. 1.12), then boiled for fifteen 



ESTIMATION OF PHENOLS — PYROCATECHIN. 299 

minutes aiid chloride of barium solution added in excess. Tlie remain- 
der of the process is that described above. The difference between the 
total quantity and that of aether-sulphuric acids obtained expresses the 
proportion of simple sulphuric acid in the urine. 

For the methods of estimating sulphur when pi'esent in the urine in 
other forms see pp. 323, 327. 

Quaniitatu'e Estimation of Phenols, — The phenols (phenol and |)ara- 
kresol) which have passed over in the distillation of a known quantity 
of lu'ine previously acidulated are estimated in the form of tribromo- 
phenol by Landolt's method, with the precautions suggested by Baumann 
and Brieger.^^ 

One-fourth of the urine passed in twenty-four liours is mixed with 
one-fifth its biUk of hydrochloric acid and distilled. Distillation is 
continued until the distillate ceases to colour with bromine water, after 
which it is filtered. All the fluid which has passed through — including 
that tested during the process — is now treated ^vith bromine water 
until a permanent yellow colour is attained. . The precipitate is allowed 
to settle for two or three days, when it is separated on a filter which 
has been weighed and carefidly dried over sulphuric acid ; it is then 
washed with bromine water and dried over sulphuric acid in the dark 
until it has acquired an approximately constant density. It is then 
weighed on the filter, and the difference between the result and the 
weight of the filter recorded expresses that of the tribromo-phenol 
formed. From this the quantity of carbol in the urine may be esti- 
mated thus: — 331 jmrts by weight of tribromo-phenol correspond to 
94 parts by weight of carbol, and the following formula residts : — 

x=-^ X 3f =a2830 X M 

"Where 

X = the quantity of carbol required. 

M = the quantity of tribromo-j^henol found. 



of 



This method may also be employed for the analysis of vomiteil matters in cases 
carbolic acid poisoning (compare p. 161). 

J, Munk lias computed that the quantity of phenols excreted with 
the urine averages 0.017 to 0.051 gnu. in the twenty-four hours. For 
purposes of more accurate analysis it is important to determine the 
quantity of indoxyl-sulphuric acid and aether-sulphuric acids eliminated 
in the manner already indicated (p. 295), and to remove the analogous 
*<ubstances generated in intestinal decomix)sition by means of a calome) 
purge. •'^ 

((L) Pyrocatechin — This boily, like the other?*, occurs in the urine 
only in combination with sulphuric acid ; and it is if not an invariable. 
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at all events a very frequent constituent of that fluid. ^* The urine 
containing it is characterised by the fact that it is colourle^ when 
passed, but becomes dark after exjwsure to the air; and the change 
is expedited by the addition of caustic potash. When boiled with 
hydrocldoric acid, it becomes a powerful reducing agent. An ammo- 
niacal solution of silver exposed to it will quickly deposit metallic silver 
in the cold. 

These properties, however, are not sufficient to determine the presence 
of pyrocatechin. To do this it must be isolated, and the following 
method is the best for the purpose.^'^ The urine is evaporated to one- 
fourth its volume on the water-bath, filtered, and the filtrate boiled 
with excess of sulphuric acid. It is then allowed to cool and repeatedly 
shaken up ^vith aether, the sethereal extracts collected, the sether dis- 
tilled off, the residue neutralised with carbonate of baryta, and again 
extracted with aether. Pyrocatechin passes over in the aethereal extract, 
and when the aether is distilled off, it remains as a more or less pure 
crystalline suljstance. If the character of the latter is not sufficiently 
apparent, it may be re-crystallised from benzol in the form of prisms 
belonging to the tetragonal system. If some of these be dissolved in 
water in a watch-glass and a few drops of a very dilute solution of per- 
chloride of iron be added, an emerald-green colour develops, and this 
changes to violet on the addition of a little ammonia. ^*^ 

(e.) Hydrochinon. — It has been ascertained by Baumann and Preusse ^^ 
that hydi-ochinon appears in the urine after carbolic acid poisoning, 
and these authors believe that to its presence the dark colour of that 
fluid after the exhibition of carbolic acid is due. It is always in the 
form of aether-sulphuric acid in the urine, and the process for its detec- 
tion is the same as that for pyrocatechin.*^ 

Tlie crystals of liydrochinon belong to the rhombic system, and they 
crystallise readily from their solution in toluol. 

According to Baumann and Preusse^^^ when rapidly heated in an 
open test-tube, hydrochinon forms violet fumes, which condense as an 
indigo-blue sul)limate, and in the application of this property we jxyssess 
a very sufficient test for its presence. 

(/.) The Aromatic Oxy-Acids. — The aromatic oxy-acids which have 
been proved to exist in the urine are paroxyphenyl-acetic acid, paroxy- 
propionic (hydroparacumaric) acid,^^ paroxyphenyl-glycolic acid,**® and 
oxyamygdalic acid,'*^ to which must be added uroleucic (trioxy phenyl* 
propionic) acid (Kirk-, Wolkmc, and Baumann ^''^) and homogentisic 
(dioxyphenyl-acetic) acid. In view of the significance which the rc>' 
searches of Wolkow and Baumann have conferred upon these latter 
substances, tliere vnM be need to refer to them separately under the 
head of Alkaptonuria. 
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Detection of the Aromatic Oxy- Acids, — Twenty cc. of urine are treated 
with hydrochloric acid, and heated for some time on the water-bath to 
expel the volatile phenols. It is then allowed to cool, and repeatedly 
extracted with aether. The aethereal extract is shaken up with a weak 
solution of carbonate of soda. The oxy-acids are taken up by the 
latter, whilst the phenols present are retained by the aether. The 
alkaline solution is now acidulated with sulphuric acid and extracted 
with aether. The latter is allowed to evaporate, and the residue dis- 
solved in water is submitted to Millon's test (p. 258). A red colora- 
tion shows the presence of aromatic oxy-acids. 

In a similar maimer an approximate quantitative estimation of .these 
bodies may be eflfected.^''^ 

VII. Alkaptonuria. — Although tlie substances witli wliich we have 
to deal under this heading belong properly to Ihe aromatic series, and 
are oxy-acids, the special clinical importance which attaches to them 
makes it convenient to adopt Baumann^s classification, and treat them 
apart. By the term alkaptonuria is meant the condition in which the 
uroleucic acid of Kirk jind the homogentisic acid of Wolkoto and Bau- 
inann occur in the urine. There is no doubt that the urine in certain 
cases (see p. 300) contains these acids in addition to pyrocatechin. 
Bwdeher^'^ gave to a substance resembling these, which he dis- 
covered in the urine, the name of alkapton. A similar substance 
was discovered by Ebdein and J, MuLler^'- very abundantly present 
in a child^s urine, and Fiirhringer and Fleischer ^''^ have obtained 
evidence of such in cases of phthisis. The urine lias characters very 
similar to those conferred upon it by the presence of pyrocatechin (see 
\). 299). Baumann and Wolkow believe that the production of the 
acids in question is due to an anomalous metabolic process of life-long 
continuance, by which the tyrosin (paroxyphenylamidopropionic acid) of 
the system is perverted, probably by the action of some definite micro- 
organism. For the method of recognising homogentisic acid the reader 
is referred to the very interesting treatise of Baumann and Wolkow.^"*'-^ 
The condition of the urine known as alkaptonuria may be said to exist 
when the urine answers the description given at p. 300, thus showing 
that it contains a large amount of pyrocatechin. 

VIII. Inosituria* — Inosite occurs in small quantity in the urine in 
cases of diabetes insipidus and in albuminuria. For its detection it 
must be separated from the urine. To this end Cooper-Lane^ s ^^* method 
is the best According to Magneu7ie^^'^'^ inosite is obtained as hexa- 
hydrobenzol. 

IX. Melanuria. — The urine of persons suffering from pigmented 
tumours sometimes contains a substance to which the name of melanin 
has been given, but of which the chemical constitution is not yet suffi- 
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ciently established. It is sometimes Jield in solution, and more rarel}' 
suspended in the form of small granules. It very seldom happens that 
the fluid has a dark colour when i^assed, but it generally blackens in- 
tensely when submitted to oxidising agents (sulphuric and hydrochloric 
acids and ferric chloride). This fact would point to the conclusion 
that the body in question is not melanin, but a chromogen — melanogen 
— analogous to that which precedes the formation of uix)bilin. Such 
urine turns dark on exposure to air. Tlie ' pigment can be partially 
«eparated from the urine by means of acetate of lead or perchloride of 
iron. It is insoluble in cold alcohol, aether, and acetic and dilute mineral 
acids. It is soluble in boiling concentrated mhieral acids, in boiling 
lactic and acetic acids, in concentrated solutions of caustic potash and 
soda, and in ammonia. It contains iron, sulphur, and nitrogen. Tlie 
most sensitive test for the presence of melanin is the addition of bromine 
water (Zeller),^'^ which causes the urine to deposit a yellow precipitate, 
which gradually blackens. 

More recent experience has shown that a fairly concentrated solution 
of perchloride of iron serves well to detect its presence (r. Jakaeh, 
Pollak).^'*'^ A few drops of this reagent will cause the fluid to turn 
grey ; and if more be added, a precipitate of phosphates falls, carrying 
the colouring-matter with it, and again dissolves Avith an excess of the 
solution. 

Sodium nitro-prusside with caustic potash and acetic acid gives a deep 
blue colour {Thormdhlm)^^'^ which depends probably on the formation 
of soluble and insoluble Berlin-blues {v. Jakach), 

In connection with this subject the reader may refer to the opinion of Kruken- 
herg^^ and Salkowski'^ (see p. 316), that in WeyVs test for kreatinin boiling with 
acetic acid similarly produces Berlin-blue. 

- The latter, however, cannot always be obtained by the action of the 
nitro-prusside salt on melanin isolated from the urine, and the reaction 
must not be regarded as a test for melanuria, or only when other tests 
(and especially that with perchloride of iron) have shown the presence 
of melanin or melanogen. Moreover, the Berlin-blue reaction can be 
obtained in urine which is free froju vielanin. Thus, in the case of 
children suftering from prolonged constipation, it has been had at the 
same time that the fluid was rich in acetone or diacetic acid and 
indoxyl-sulphuric acid (v. JakscJi), and in a case of diabetes by DrescJi- 
feldy^^ when its nature and the presence of the substances just named 
were probably estJiblished. It would appear, therefore, that in these 
conditions also a body is present which gives Berlin-blue with nitro- 
prusside comi>ounds. Possibly this is indol. Investigations with that 
body derived from a preparation of picrate of indol gave the same result 
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(r. Jaksch), The practical significance of this condition is greatly 
limited by the fact that the urine may contain a large quantity of 
melanin in wasting diseases, whilst that derived from individuals 
suffering from melanotic cancer or sarcoma may be entirely free from 
it Senator ^^ has recently confirmed this view by a series of clinical 
observ'ations. Nevertheless, as an adjunct in diagnosis, the tests given 
are of undoubted utility.^^ 

X, Acetoniiria. — Normal urine contains traces of acetone (phf/- 
siological acetonuria^ v. Jaksc^i^^), but tliis body occurs in excessive 
proportion under certain morbid conditions (pathological acetonwia). 
In association with diseases we may distinguish (i) febrile acetonuria; 
(2) diabetic acetonuria; (3) acetonuria accompanying certain forms of 
cancer independently of inanition; (4) acetonuria of starvation; (5) 
the production of acetone in psychoses; (6) acetonuria as an expres- 
sion of auto-intoxication ; (7) acetonuria in derangements of digestion.^^ 
The commonest of these forms is febrile acetonuria. It does not belong 
especially to any particular fever. ^^^ In connection with diabetes the 
appearance of acetone in tlie urine indicates an advanced stage of the 
disease, but does not otherwise affect the prognosis. Of greater con- 
sequence ^'* are those cases in wliich much acetone is found in connection 
with grave symptoms of cerebral irritation, less often of depression. 
Acetonuria existing alone (auto-intoxication with acetone) tends to a 
favourable termination (v. Jaksch),^^ Finally, it should be noticed that 
recent researches have shown that an abundance of nitrogenous food 
tends to the production of acetonuria. 

Detection of Acetone, — A rougli test for acetone is that of Legal, A 
quantity of the urine (several cc) is treated with a few droi>s of a 
fresldy-made and somewhat concentrated solution of sodium nitro- 
prusside, and with a moilerately strong solution of caustic soiia or 
potash. The fluid develoi>s a red colour, whicli rapidly disappears, and 
if acetone be present, gives i)lace to purple or violet-red on the addition 
of a little acetic acid. In the absence of acetone the purple-red tint 
does not form on the addition of acetic acid. 

For purposes of greater accuracy it is necessary to distil the urine, and 
to apply to the distillate the tests presently to be described. To do this, 
one-half to one litre of the urine may be taken, and a little phosphoric 
acid may be placed with it in the retort to prevent the evolution of 
gases. Of the distillate 10-30 cc. may be taken and tested with — 

(i.) Liebefi's Ted, — To several cc. a few drops of iodo-potassic iodide 
solution and caustic ix)tash are added. If more than a trace of acetone 
be present, an abundant precipitate of iixloform crystals is deposited. 
This test is very reliable, and will serve even for the detection of traces 
of acetone* 
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(2.) Reynolds' 'Test. — This depends on the property which acetone 
l)0S8esse8 of promoting the solution of recently-formed mercuric oxide. 
It is conducted as follows : — The yellow precipitate (mercuric oxide) 
obtained by the reaction of mercuric chloride with an alcoholic solution 
of caustic potash is added to the distillate from the urine, which is then 
filtered, and to the clear filtrate sulphide of ammonium is cautiously 
added. If acetone be present, some of the mercuric oxide will have dis- 
solved and a black ring (sulphide of mercury) forms at the plane of 
contact with the ammonium sulphide. 

Legal's Test, already described, may be applied also to the urinary 
distillate, but it is less to be relied upon than the others, since parakresol, 
which also passes over in distillation, exhibits a similar reaction.^^ 

Quantitative Estimation of Acetone. — This may be effected by v. 
Jakseh^s method as modified by Nencki.'^^ Very good results are 
obtained by the process first devised for scientific purposes by Mes- 
singer,^^ applied to the investigation of urine by Huppei't,^^ and rendered 
available for clinical use by v, Engel and Devoto.^^ It is conducted 
thus : The urine is first examined by LegoTt test, and, according to the 
result, 20-50, or at most 100 cc, are placed in a flask and made up to 
100 cc. with distilled water and 2 cc. of a 50 per cent, acetic acid solu- 
tion. This flask is connected by a long glass tube with the cooler, in 
front of which is a distillation flask, and in front of that a bullet 
apparatus filled with urhie. Distillation is carried on until y^yths of the 
original volume of the fluid have passed over. A portion of the residue is 
submitted to Lielten'n test, and if this shows tlie pres(ince of acetone, the 
result must be rejected and the process commenced over again after the 
addition of more distilled water. To the distillate i cc. of dilute (t in 8) 
sulphuric acid is added and the mixture distilled. The second distillate is 
l)oured into a flask of i litre capacity fitted ^vith a polished glass stopper, 
and, also, for distillation purposes, with a doubly perforated cork, and 
having a bullet apparatus full of water in front of it. When distilla- 
tion is completed, the flask is closed with its glass stopper and the fluid 
(rarefuUy titrated according to Huppeii*s directions with ^^th normal 
iodide solution and yV^h normal hyposulphite solution. The^e solutions 
being used, i cc. of the iodo-solution corresponds to 0.967 mgrm. of 
acetone. The researches which v. Engel has pursued by this method 
have greatly extended our previous knowledge concerning the secretion 
of acetone, and they have also established the facts on a secure basis. 

XL DiaCBturia. — By the term diaceturia is meant the condition 
in which diacetic acid api)ears in the urine. It is always pathological,^*^ 
and occurs in diabetes {Gerhardt) and fevers (v. Jaksch, DeichmiUler, 
Seifert), and also idiopathically as a form of auto-intoxication. It is 
most common in children as a concomitant of fever, -^^^ and is then gene- 
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rally devoid of serious significance, but in adults it is a symptom of 
grave import. In febrile and diabetic states the development of diacet- 
uria commonly forebodes the advent of coma. 

Urine holding diacetic acid is always rich in acetone, and in presence 
of perchloride of iron develops a Bordeaux-red. This propertj', how- 
ever, does not serve to distinguish the presence of the former body, 
since it belongs equally to a number of substances which are apt to 
exist m the urine.^*** For its detection the follo^ving process may be 
adopted. 

To the lurine a fairly-concentrated solution of perchloride of iron is 
cautiously added, and if a phosphatic precipitate forms, this is removed 
by filtration and more of the i)erchloride of iron solution supplied. If 
the Bordeaux-red colour appears, one portion of the urine is boiled^ 
whilst another is treated with sulphuric acid and extracted with aether. 
If now the urine wliich has been boiled shows little or no change, whilst 
the perchloride of iron reaction in the sethereal extract is no longer 
evident after 24-48 hours; and if at the same time (on testing the 
urine directly and its distillate) it is found to be rich in acetone, the 
condition may be inferred to be that of diaceturia. 

XIL Lipaciduria. — By this term is meant the condition in which 
volatile fatty acids are found in the urine (r. Jakschy^^ v. Bokitansky^^). 
These bodies occur there in traces normally, especially formic, acetic, 
and butyric acids ; and they may be derived from healthy urine in con- 
siderable quantity by the use of oxidising agents. ^^ They are also a 
product of alkaline fermentation.''^ 

As a manifestiition of disease, on the other hand, they are often 
present in quantity in the simple urine. Thus, in the urine of fevers, 
of hejxitic diseases affecting the proper structure of the liver, and in 
diabetes, formic, acetic, butyric, and recently also propionic acid have 
been detectetl. 

There is no special diagnostic significance attaching to this condi- 
tion ; in general, it is determined by the same causes which pnxluce 
febrile acetonuria. 

For the detection of fatty acids the urine is distilled with phosphoric 
acid, and the distillate carefully neutralised with carbonate of soda, 
evaporated to dryness on the water-bath, the residue extracted with 
boiling alcohol, filtered, again evaporated, dissolved in water, and the 
solution submitttnl to the tests mentioned at p. 201. Tlie principal 
reactions are shortly recapitulated here. 

1. A little of the urine is treated with sulphuric acid and alcohol An odour of 
acetic tether indicates the presence of acetic acid. 

2. To another portion perchloride of iron is added. The specimen assumes a 
red tint, which disappears on boiling, and a rusty precipitate remains. 

U 
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3. The addition of nitrate of silver caoses a white precipitate, wliich rapidly 
blackens if formic acid be present. 
With reference to the appearance in the urine of other organic acids, see 

PP- 336, 337- 

XIII. Lipuria. — Small quantities of fat are often seen in the urine of 
chronic nephritis -with a very fatty state of the kidney (see pj). 229, 247), 
in phosphorus-poisoning,^^ and diabetes mellitus. Fat in large propor- 
tion was found by Ebstein ^^ in a remarkable case of pyonephrosis. 

Fat is also a common manifestatation in chyhiria, and it is a physio- 
logicid constituent of the urine of pregnant women. 

Its presence is sufficiently apparent. The urine containmg it is 
usually very turbid, and clears when shaken up with aether. The fatty 
particles maybe separated by means of Stenbeck's sedimentator(see p. 218). 
It is apt also to hold globules of fat, wliich are easily recognisable by their 
l)owerful refracting properties ; and it is not uncommon for this substance 
to occur in the form of needles, as it does in the ffleces (p. 196), es])ecially 
in connection with chronic nephritis and septic^mia."*®^ 

XIV. Chylxiria. — By this term is meant the simultancjous aj)i>eiirance 
at intervals of fat and albumin in the urine, apart from the manifesta- 
tion of other morbid constituents, such as casts, renal epithelium, &c. 
The sediment, however, usually contains red and white blood-corpuscles 
in smaU numbers. 

The urine luider these circumstances tends to form coagula of fibrin 
on standing, and occasionally it gelatinises throughout. Hitherto 
chyluria liivs been met with almost exclusively in the tropics, and in 
persons who have lived there for a long time, and it has been sho^^^l 
by Wucherer and Leicis (p. 58) to depend uix>n the invasion of tlie 
urinary tract by Filaria sanguinis hominis. The embryo of this parasite 
is generally to l>e found in the urine ; and the chemical investigations 
of Grivi ^^ make it appear that in the majority of cases the abnormal 
condition of the urine is due to unnatural communications between the 
lymphatics and urinary passages affected by filaria. The subject, how- 
ever, needs further elucidation, inasmuch as chyluria is occasionally 
observed in persons who have never lived in the tropics.**^ 

Langgaard *^ has detected large quantities of cholesterin in the urine 
in a case of chyluria. 

XV. Oxalxiria. — It has been stated already that oxalic acid occurs 
in healthy urine, but it is subject to very great increase in certain 
morbid states, and the condition is then called oxaluria. 

Oxalates may remain in solution in the urine, and it is important to 
be able to determine absolutely the quantity of oxalic acid present as 
such. This can be done by a modification of Neuhauer^s method (Fur- 
bringer and Czapek).^"^ 
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Quantitative Edimation of Oxalic Acid, Neubauer*s Method,^^ — The 
urine passed mtliin twenty -four hours is accurately measured, and treated 
first with calcium chloride and ammonia, then mth acetic acid imtil it 
has a slightly acid reaction, and afterwards a little alcoJiolic solution of 
thymol is added to restrain the development of micro-organisms. The 
mixture is allowed to stand for some time, when the white precipitate 
wliich forms is separated on a filter, and (together with the latter) is 
])laced in hydn)chloric acid, gently heated, the fluid filtered off, and the 
filter washed vdih water luitil it has no longer an acid reaction. Tlie 
collected filtrate is evaporated to a small bulk in a capsule on the 
water-bath, then placed in a strong glass cylinder, and the capside in 
which it was evaporated is washed with dilute hydroclUoric acid and 
water, the washings being added to the fluid in the cylinder. Ammonia 
solution is then jwured \\\>o\\ the surface of the latter, and the whole is 
tinted with a few drops of tincture of litmus. The mixture is allowed 
to stiind for a considerable time. Tlie precipitate which has formed 
is obtiiined on a so-called tish-free filter, the ash constituent of which 
has previously been accurately ascertained, and the oxalate (of lime) 
which adheres to the walls of the cylinder is removed on a glass rod 
guarded with an india-rubber ring, and added to the precipitate on the 
filter. The latter is next freed from chlorine by washing witli water, 
and rinsed with acetic acid. The filt<»r is then dried, and ignited 
<^»n a platinum crucible, which is heated to a ronstant weight in the 
blow-pii)e flame. By this means oxalate of lime is clumged into lime. 
Now as 56 parts of lime corres})ond to 90 parts of oxalic acid, the 
quantity of the former obtained when multiplied by 1.6071 shows the 
quantity of oxjUic acid in the urine tiiken."*^* 

In healthy urine the amount of oxalic acid jwissed in twenty-four 
hours is 0.02 grm. {F'urhringer), 

An excess of oxalic acid is occasionidly found in diabetes, and espe- 
cially when the pro|)ortion of sugar diminishes (vicarious oxaluria).**^® 

Oxaluria is also known as an aff'ection sui f/ewe?'w (oxalic acid diathesis, 
idiopathic oxaluria), {Cantani),^^^ 

It must be admitted that our knowledge of this condition as a clini- 
cal symptom is very defective, but the author's exi)erience induces him 
t<» lulopt the conclusion of /. Beybie*^'- and Cantani, that there are 
certain complaints, characterised by pains in the back and loins and 
attended with rapid emaciation, in which tlie only objective symptom 
iK'sides is an excessive elimination of oxalic acid with the urine. 
Neideii ^^'^ oKserved in a complaint with nervous symptoms more than 
0.5 grm. of oxalic acid |)er litre of urine; and Kisch*^* fomid in nine 
cases of extreme lipomatosis only one in which there was an increase of 
0.040 gnn. in the litre. 
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XVI. Cystinuria. — This is a coiulition of rare occiinvnce, and 
clinically of little importance, since it is only accidentally by the forma- 
tion of calculi that it gives rise to trouble. It is usually chronic in its 
course. It should be mentioned that Ehstein ^^^ has found cystin con- 
currently with albumin in the urine of acute articular rheumatism 
(comp. p. 243). 

The researches of Stadthageu, Bneger, v. Udramh/y and Baumann ^^^ 
have sho^vn that such urines also contain diamines, and in particular 
putrescin, cadaverin, and a diamin which is isomeric with the latter. 
These bodies occur at the siime time in the feeces of such patientf% 
(p. 205), while both urine and faeces of healthy persons are free from 
them. It is possible that they originate in a special form of intestinal 
infection, are absorbed from the alimentary canal, and eliminated to- 
gether ^vith cystin in the urine. 

XVII. The Uric Acid Diathesis. — Although the deposition of a 

very abundant sediment of urates in the urine does not warrant the 
inference that uric acid is excreted in excess, there is no doubt that there 
are certain processes in the system, the chief evidence of which is such 
an increase in the elimination of uric acid, and it is important to possess 
the means of estimating this condition. 

Many methods have l)een devised for this purpose, as those of Fokker 
and Salkowski, and in recent years by Haycraft,^^' Czapek, and IF. 
Camerer*^^ That of FoHer,*^^* as modified by ScUkoicski,*'^ depends 
upon the comparative insolubility of urate of ammonia. Tliose of £. 
Salkowski ^^^ and of E. Ludtdg^^'^ are biised on the estimation of the 
almost insoluble double silver salt of luic acid. 

Ludmgs process has the advantiige that it can be carried out con- 
pletely in twelve to fourteen houi*s, and it is further serviceable as a 
qualitative^ test for uric acid in the other secretions, and in the blood 
as well as in the urine. 

For its application the following solutions are needed : — 

i. An Ammoniacal Silvei* Solution. — This is prepared by dissolving 
26 grms. nitrate of silver in distilled water, and adding ammonia until 
the brown prcci[)itate thrown down at first is again dissolved. The 
fluid is made up to a litre, placed in a well-stoppered fiixsk, and pro- 
tected from the light. 

ii. A Magnesia Mixture. — A hundred grms. of crystallised magnesium 
chloride arc dissolved in water, and a large excess of ammonia added, 
and then ammonium chloride until the precii)itate (magnesium hydrate) 
is entirely dissolved. Tlie fluid so derived should be tolerably clear. 
It is made up to a litre and placed in a stoppered bottle till Required. 

iii. Solution of Sodium or Potassium Sulphide. — Fifteen grms. of 
caustic jx>tash or 10 gi'ms. of caustic soda are dissolved in a litre of 
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water, and one-lnJf of the fluUl is Butumteil with sulpliurL'tt«il hydro- 
gen, after which th« other half ix added to it. The [xititsh or soda 
used muat be entirely free from nitrates and nitritet<, luid to this end 
it is well to 11:^ caustic sotln preparetl from metallic Hodiuni, 

A hundred or 200 cc. of urine are nieiiaiireil otf in u dn- glass cylinder 
and carefully poured into a beaker of 300-300 cc. 
capacity. Ten or lo cc. (accoTding as 100 or aoo cc. 
uf urine hits been taken) each of dilutions i. mid ii. 
are mixed together in a measure -glass, and aniinonia 
is slowly added imtU the precipitate is dissolved. Tlie 
clear fluid ia then iK>ureii from the cylinder in which 
the uriue ^vaa nieusured and added to tlie latter in the 
l>caker-glit8s, and the mixture stirred for some time. 
Tlie precipitate which forms is allowed to Htan<l for 
half an hour or un hour, after which it is placed with 
the fluid on a filter, and two or three tiuies the quan- 
tity of water, to which a little ammonia has been added, 
is supplieil. For thiri pur|)0se Ludwig employs an aspi- 
rator, but it is not necessary, since filtration proceed^i 
rapidly enough without it. 

The precipit«t« and the filter togetlier are ])lacc<l in 
the beaker, and 10 or 20 cc. {according to the quantity 
of urine taken) of solution iii., <lilute<l with an equal 
quantity of water, is heated to boiling in a flask, added to 
the precipitate in the beaker, and the mixture frequently 
stirretl, 40 cc. of ))oilirig water supplied, and the luix- 
tuiv heated over a flame until it liegins to boil. It is 
rei>entedly stirred while allowed to cool, and jiassed 
tlmnigh a Hlter, which is afterwards washed two ur 
three times with boiling water and collect«<l in a Lirge 
capsule. The filtrate is treated with hydrochloric aci<l 
initil it has a feebly acid reaction, and is then concen- 
trat*Kl on the water-bath to a volutne of 10-15 '^■ 
Uric aciil l>egins U> scjiarate at tliis [wint in crystals, 
which are ott*'n of a beautiful white colour. 

The best plan is to coDtinae evapormting, without regard to 
the quanlily of Huid remaining, until the point Is reachiil 
when uric acid begins to separate from the hot solution. 



nie Huid is nuw allowed to c.h.I for an hour, wln^n *'<"■ '-s^-h«di^' 
he se|>aration of uric aiid .will be ciiinplete<l. The 
irecipitjite is liMU)(ht U|H>ii a Lndwig's filt<?r amniged with glasa-wunl. 
rhis instmment i-.msists of a glass tuliealxiut 14 cin. long and 2 cm. 
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in diaiueter in its u\)peT ix)int, growing mpidly narrower below, and 
constricted to little more than capillary calibre at a jwint 4 cm. from 
its lower end (fig. 132). The lower end is cut oflf obliquely. The tube 
is packed from the point of constriction upwards as far as the beginning 
of the broad part with glass-wool, which is best introduced by means of 
a slender glass rod, and in such a manner that the obstruction is densest 
below, and less compact as it proceeds upwards. 

To facilitate this, the glass-wool with which the funnel is to be blocked may be 
previously moistened with a little sether. 

,~ The author prefers asbestos to glass-wool. It answers the iiiirjK^se well 
ajnd does not irritiite the skin. 

The upper end of the instnnnent is closed with a ground-glass 
stopper. 

When arranged with glass-wool as described, the whole is dried at i lo"* 
C., allowed to cool, and weighed. 

'. Tlie filter is fixed in a suitable support, and the fluid with the uric 
acid precipitate is placed upon it. The filtrate is used to wash out 
the uric acid from the capside in which it was formed, and this is 
repeated until no trace of the uric acid is left in the latter, the whole 
having been placed on the filter. Finally, the latter is washed repeatedly 
vdih a little water, and best by means of an aspirator, after which the 
filter and precipitate together are dried at 100° C. They are then 
allowed to cool, and small quantities of bisulphide of carbon added in 
three portions of alK)ut 2 or 3 cc, the bisulphide of carbon removed by 
the addition of aether, and the filter dried at no' C. until it attains 
a constant weight. The difference between this weight and that of the 
filter as previously ascertained expresses the amount of uric acid in the 
quantity of urine taken. The dried filter containing the uric acid may 
be conveniently weighed by placing it in the scale upon a little triangidar 
glass support of kno^\'n weight and hollowed into a suitable angle, in 
which the thin end of the filter rests. The disturbing oscillation of the 
latter in the scale-pan may be prevented in this way. 

It may be remarked that Ludwig's ])rocess has the advantage over the 
other methods referred to that bv its means several ol)servations can be 
made in one day. 

A healthy adult excretes 0.2-1.0 ghn. of uric acid with the urine in 
twenty-four hours. The quantity is increased in health by an abundant 
animal diet, and pathologically in fever, leukaemia (Fleischer and Penzoldf, 
EoJiIand and Schurz^^^)^ pernicious anaemia, and in diseases of the heart 
and lungs with obstructed respiration. **2'* A series of okservatious which 
the author has made with the Salkowski'Ludvng method in a case of 
dialx*t4»s gave the quantity of uric acid excreted as l)etween 0.9400 and 
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i.48i4grui., and this quantity was not diminished hy the administration 
of alkalis. 

The excretion of uric acid is diminished in a number of chronic 
affections, such as nephritis, gout (after the acute paroxysm), diabetes, 
and chronic arthritis. A diminution was also found by v. Bamberger ^'^ 
in a case of progressive muscular atrophy. Salkowski and Sinlker*'^ 
have observed" that taking alkali internally is followed by a fall in the 
amount of uric acid in the urine ; and in sick children the use of alcohol 
has a similar effect (y. Jaksch),*'^ 

Finally, we sometimes meet with a condition in which, with emacia- 
tion and certiiin subjective symptoms, as hypochondriasis, &c., is asso- 
ciated an enonnous increase in the elimination of uric acid as the only 
objective manifestation, and such cases undoubtedly constitute what is 
calleil the uric acid diathesis. ^^8 

XVIII. Urea* — By far the greater part of the nitrogen taken in with 
the food is eliminated as urea. It must not, however, be forgotten that 
there ari^ in the urine other nitrogenous compounds, such as uric and 
liippuric acids, amido- and other acids, and ammonia salts, but the great 
bulk of nitrogenous waste is removed in the form of ureiu Of this 
botly 32-40 grms. are daily excreted by a healthy man, but its quantity 
varies (considerably under physiological, and still more under morbid 
conditions. 

Amongst di8e4ises, fever and diabetes are attended with increased 
elimination of urea. [Protd *^ has described a morbid condition which 
he calls azofuna, and which he ascribes to an excessive formation of 
urea.] On the other hand, this is diminisheil in chronic affections 
accomi>anie<l by malnutrition and in diseases invoh-ing the proper struc- 
ture of the liver, where it is elaborated (Schroder). 

The quantity of urea excreted is lessened by taking alcohol in the case of 
children (r. Jaiscfi).*^ On the other hand, there is an increased excretion of 
urea in children during the febrile period of lobar pneumonia (r. Jakteh),^^ 
BemaUi^*^ has observed a diminished excretion (hypoazoturia) as a constant 
occurrence in chronic alcoholism. 

Variations in the output of urea are an expression of changes in nitro- 
genous metabolism generally, and as such possess the highest clinical 
interest It would be well if we could measure* the quantity of that 
Innly in the urine at any given time, but the processes by which this 
can l)e done are not available for clinical purposes. 

An approximate estimate of the quantity of urea excrettnl in the 
course of twenty-four hours may, however, be effected by Hufner^s^^ 
method. In this the urea is decomposed by means of alkaline hypo- 
bromites, and the nitrogen given off as a gas is collected, whilst the 
carbonic acid combines with caustic soda present The apparatus 
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required is repi'eBeiit«d in the accompanying figure. It consiate of a 
cylinder of stout glaea of loo cc contents (b), expanding nt its middle, 
and connected below by nieans of a binder and tight-fitting tap with a 
smaller tube (a), also of glass, which holds about 5 cc. It is important 
that the capacity of the latter, which serves to receive the urino, 
together with that of the i>erforation in the tap, shall be accurately 




EatlmiUon of Uiw, 



known. To this end the apparatus is carefully waalied with water, 
rinsed out with alcohol, and dried. The tap is oi)enod, and mercury 
poured into the lower vessel so as to overflow into the u]>i>er one. The 
tap is now closed, the overflow of mercury above it |)OUi-ed off, and the 
contents of a removed and weighed in a vessel wliosc own weight is 
known. Tlie result divided by the sp. gr. of mercury (13.59) gi^'^^ the 
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cubic contents of the tube A. This must be veritied by repeating the 
process, and if the capacity ascertained should vary each time, the mean 
must be taken. It should l>e calculated to three places of decimals. 

In cases where the method of weighing cannot be conveniently carried out, 
the capacity of the vessel destined to hold the urine may be ascertained with 
great accuracy thus : — This portion of the apparatus is filled with a watery solu- 
tion of some aniline dje which is not taken up by chloroform, the apparatus 
washed out with chloroform and the tinted water together with the chloroform, 
in which little or none of the dye dissolves, is placed in an accurately graduated 
burette. The chloroform is allowed to settle and the quantity of the aniline 
fluid in the burette is read off. This process should be gone through at least 
three times, and the mean is taken of the ascertained results, which, however, 
usually agree well. 

Th(* remaining parts of the apparatus are a gltiss lx)\vl (c) fitting by a 
(Miputchouc stopper in its bottom ui)on the upi)er extremity of B, and a 
glass tube 30-40 cm. in length, 2 cm. witle, and accurately graduated in 
0.2 cm. units of eajwcity. 

A rough estimate of the proportion of urea is fonned either by previous 
analysis, or, better, by inference from the sp. gr. of the urine, and the 
latter diluted in such a way that a si)ecimen shall contain not more than 
I per cent. urea. The vessel A, whose capacity is accurately known, is 
filled by means of a long funnel with urine, the well-greased tap closed, 
and the bulbous vessel B washed well with water, so as to remove all 
trace of urine from its surface. Another tube, about half a metre loi^, 
may l^ interposed between the upper end of b and the bowl (c), with 
the object of prolonging the contact between the column of urine and 
the hypobromite, and so securing its complete decomposition. 

A fresh solution of hypobromite is then made in the followuig man- 
ner : — 100 grms. of caustic soda are dissolved in 250 cc. of water, the 
mixture alloweil to cool, and 25 cc. of bromine added. Tlie solution 
must Ik? fi*eslUy prepared for use, withheld from the light, and kept in 
a cool place. The concentrated fluid so prepared gives l)etter re-sults 
than th(» more diluted reagent formerly in use {P/fiiger and Schenck).*^ 
"With the vessel c in |>osition, b is entirely filled with tlie al)ove solution, 
and a concentrated st>lution of common salt is j)oure<l into c to a depth 
of I cm. The graduated tube D is likewise filled with the common salt 
solution, cart* being taken to exclude air-bubbles, and inverted in c over 
the tapering extremity of B, which projects into the solution of common 
salt contained in that vessel It is fixed by a clamp in this |)osition. 
Distilled water may be substituted for the salt solution. 

Tlie tap is now oi)ened. The relatively heavier hyiwbromite solution 
sinks, and as it does so a rapid evolution of gas takes place and lasts 
for 15-20 minutes. The nitrogen formed collects in the graduated tube, 
and when it has ceased to Ije given ofl*, the latter is closed witli the 
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thumb and, still inverted, placed in a cylinder of pure water. It is 
there held with a clamp, and is depressed as much as possible for a 
space of fifteen minutes. After that it is raised with wooden forceps 
until the fluid in the tube and that in the cylinder stand at the same 
level The volume of contained gas is then read off, and the l3arometric 
pressure and temperature are noted at the same time. 

From the volume of nitrogen obtaine<l in this manner the weight in 
grammes of the urea taken may be deduced by the following formula : — 



= 



v{b-b') 
354.3. 760 1 1 +aoo3660 
Where 

G = weight of urea in grammes. 

r = volume of gas generated (in cc). 

/ = temperature. 

h =. l)arometric record. 

//' = tension of water- vapour at temperature t. 

The percentage of urea is expressed by the product of (r x 100 
divided by the volume of urine analysed. The number 354.3 is sub- 
stituted in the equation for 372.7, since it has been found that from 
I grm. of uren the total quantity of nitrogen, namely, 372.7 cc, is 
never obtained in this way, and that the number chosen more aptly 
represents the fact. 

The value of b' will be found in Bunsen's tables, from which the 
following figures are extracted.*^^ They express in millimetres the 
tension of water- va^M^ur at the con^esponding tempemtures, which are 
those most commonly existent : — 



10° c. 


. . 9.165 


14' c. 


. 11.90S 


iS'^C. 


• '5-357 


22" C. . 


. 19.659 


II*' c. 


. . 9792 


15° c. 


. 12.699 


19** C. 


. . 16.346 


23*'C. 


. . 20.888 


la^'C. 


• • 10.457 


le'^c. 


• . 13.536 


20° C. 


. . 17.391 


24' C. 


. . 22.184 


13*' C. 


. . II. 162 


17° c. 


. 14.421 


21^ C. 


. 18495 


25^*0. 


. . 23.550 



To carry on such inve.stigations uninterruptedly at least two set** of 
apparatus should be available. The researches of P/iiiger*'^ and his 
pupils have shown that the residts obtained are not entirely accurate, 
but sufficiently approximate. The method has the advantage over 
others presently to be described, that it ciui be carried out quickly. 
Moreover, the object of a clinical investigation is less often to ascer- 
tain the precise quantity of urea than to determine its variations at 
different times, and this purpose the method admirably fulfils. 
Hnppert^'^' has shown that by this process one? can ascertain a])proxi- 
mately the totid amount of nitrogen excreted in the urine, provided 
that the inicorrected numl)er representing the amount of nitrogen, as 
ol)tained by Hiifner's method, be multiplied by 1.136. In the case of 
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ii febrile urine the factc»r is i . 1 8. Recently a niunl)er of other appamtus 
of the same kind have been employed>'*^ Tliat of Lange seems sjieciallj* 
serviceable.**^^* 

The quantitative estimation of urea may also be effected by Liebig's 
titration methotl, as modified by PflUger. It -svill Ije found described 
at length in the systematic works of Huppert, Hoppe-Seylei^ and Leulte- 
Sdlkowski,^^ The method of Miinier and Sjoqvisf **^ is also a good one, 
but the figures derived by it are a little too high. 

To estimate exactly the total quantity of nitrogen obtainable from the 
urinary products other methods are needed, as those of Will- Varrenirapp 
and J. Kjedahl.^' It is often desirable to determine the amount of 
urea with reference to the total excretion of nitrogen, and this may be 
done by the appliciition sejianitely of Moi'ner^s and Kjedald's methods. 

The qualitative tests for urea are descril)ed in the chapter on Blootl 
(p. 69). In connection with urine they possess but little practical 
interest. 

XIX. Kreatinin. — In addition to the substances mentioned at 
p. 311, human urine contains certain other nitrogenous organic com- 
jwimds, by means of which nitrogen is al6o eliminated from the system. 
Amongst these are betain, hypoxanthin (sarkin), xanthin, xanthokrea- 
tinin, kreatin, and kreatinin. The occurrence of these sul)stance8 is, 
with the exception of the last, without clinical significance at present. 
The interest attaching to the sepjiration of kreatinin is of a very sub- 
onlinate kind, and it will suffice to state a few facts ccmceniing its 
production, detection, and clinical import. For infonuation about the 
other substances named the reader may consult the iKwks of reference 
already mentioned. 

The formation of kreatinin has been shown to l)e intimately associated 
with the decomposition of muscle-substance, and the quantity produced 
is in direct relation to the amount of flesh-meat consumed as food, 
and, under certain circimistances, to the muscle-waste within the hotly. 
Under these circumstiinces muscle contains kreatin, which is changed 
into kreatinin as it passes through the botly. 

This is to Ix? borne in mind when a clinical infennice is drawn from 
the observation of an increase or diminution of the quantity of kreatinin 
s(»creted. Hitherto such inferences as were possible have had but a 
limited ai)plication to the pur|>o8es of diagnosis. They are insufficiently 
based, and rest for the most jwrt on the exjierience of individual cases. 
According to Neiibauer,**^ the quantity excreted by a healthy man is 
about I gnu. According to Pouchei,*** it is i grm. in the case of the 
male, 0.75 gi"m. in that of the female, while kreatinin is altogetlier 
absent from the urine of sucklings. Tliis i>oint, however, is contested 
by Groco).^'' 
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An increase in the output of kreatinin has l)een observed in acute 
diseases of all kinds while attended with fever, and in diabetes {S€nctfor)y*^ 
and a diminution in chronic nephritis and diabetes insipidus, in convales- 
cence after acute diseases, in chlorosis, anaemia, tuberculosis, and maras- 
mus,'"" and as a consequence of insufficient feeding.^® 

Ki*eatinin is a base which forms higlily characteristic comiwunds with 
acids, such as phosphotungstic and phosphomolybdic, hydrochloric and 
sulphuric, and with salts of the lieavy metals. 

Qualitatice Tests. — Kreatinin may be detected directly in the urine 
by the methods of Wet/l «» and Jaffe.*^ 

Wet/Vs Tesf.—Yov the application of this test the urine should l)e 
freed from acetone by distillation (p. 303). A freshly prepared and 
very dilute solution of nitroprusside of soda and caustic potash is 
addeti. If kreatinin be present, the fluid will take a l^eautiful red 
colour (like that produced in LegaVs test for acetone), which soon dis- 
appears, and does not return with the further addition of acetic acid. 

Jaffes Test. — A fairly concentrated solution of picric acid and a little 
caustic j)otash are added to the urine. If the fluid l)e heated, the 
presence of kreatinin will be shown by the appearance of a beautiful 
red coloration. Acetone and grape-sugar yield a similar reaction. 
Picric acid with caustic jjotash alone gives a slight red colour. 

Quantitative Estimation. — Kreatinin forms with zinc chloride a double 
salt of slight solubility, and this property is made the basis of the 
quantitative method, which was first devised by Neubauer *^^ and modi- 
fled by Salkowski.^^^ 

Two hundred cc. of urine are mixed with a little milk of lime until 
the fluid has an alkaline reaction. This is to precipitate phosphoric 
acid. A solution of calcium chloride is added \mtil a precipitate ceases 
to form. The fluid is allowed to stand for half an hour, after which 
the precipitate is filtered oft* and rei>eatedly washed with water, and 
the filtrate and washings (acidulated with a little sulphuric acid) are 
evaporated on the water-l)ath to a syrupy consistence. To the residue 
is added 50-100 cc. of 78 per cent, alcohol ; the mixture is well stirred 
and allowed to stand in the cold for several (6-8) houi*s ; then it is 
filtered, and to the filtrate (which, if alkaline, must be rendered acid 
with acetic acid) 10-15 drops of an alcoholic solution of zinc chloride 
are added. The latter is prepared by adding alcohol to a concentrated 
solution of zinc chloride until a density of 1.2 is attained. After the 
lapse of two or three days the precipitate is brought ujwn a filter of 
known weight, and the filtrate as it passes through is constiintly 
returned to wash the vessel which contained the precipitate. When 
all the precipitate has been brought upon the filter in this way, it is 
washed with 90 per cent, alcohol until the filtrate shows but slight 
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opalescence with silver nitrate ; after which it is drieil to a constant 
weight at 100** C. One grm. kreatininzinc-chloride corresponds to 
0.6242 grai. kreatinin. The amount of kreatinin in the quantity of 
urine taken may therefore be known by multiplying the quantity of 
kreatin in-zinc-chloride obtained by 0.6242.^^ 

Kreatin, which is closely related to kreatinin, does not occur as soch in the 
mine, bat it is readily formed from kreatinin in alkaline fluids. Hence it follows 
that alkaline urine should not be employed clinically for the quantitative estima- 
tion of kreatinin. 

In addition to kreatinin a number of basic substances have recently 
been isolated from urine by precipitation with phosphotungstic acid 
{T7itidicJium*^)y such as urochrome, urotheobromin, omichol, and reducin. 
The physiological action of these substances is not yet kno>viL 

Salomon^^ has proved that hypoxanthin is a normal constituent of 
urine. Future researches will show in what relation it stands to cer- 
tain diseases, or to the putrefaction bases presently to he described.'*^ 

XX. Ptomaines (Putrefaction Bases) in the Urine.— It would 

appear from the investigations of Pouchet ^^ that healthy urine contains 
traces of certain toxic substances of an alkaloid character, and according 
to the researches of Bouchai'd,*^ Upine, and Guerin,^^ these bodies 
are more abundant under morbid conditions. Tliey were found by 
A, VUliers *^ as an invariable manifest:ition in measles, diphtheria, and 
pneumonia; and in the urine of cholera A. G. Pouchet ^^ discovered an 
alkaloid which was not identical with that observed by him in the faeces 
of the same disease (see p. 205). Feltz*^ foirnd similar bodies in th«» 
urine of cancer patients, and Lupine *^^ in that of pneumonia. Pages and 
Gaume *^ observed that the toxic projx^rty of the urine was lessened in 
the febrile [>eriod of pneumonia (retention of potash salts ?). Bouchard *^ 
discovered that human urine acted as a jwison when injected within the 
veins of animals (rabbits), and he refeiTed the effects to various sub- 
stances, among which were animal alkaloids. For the detection of the 
urinary alkaloids the following method has l>een adopted by Tanret, 
Bouchard ai J and Cardier "'^^ : — 

To the urine which has been acididated with acetic acid a solution of 
the iodide of mercury and |X)tassium is added. The precipitate, which 
contains the alkaloids, is readily distinguished from those of other 
substances, as albumin, mucin, and uric acid, obtiiined with the same 
reagent, by its solubility in alcohol at a wanu heat. 

Cli. Bouchard rendered the urine alkaline with caustic soda, and 
derived a i»oisonous body as an aethereal extract. 

Pouchet fixed the alkaloid by combination with tannic acid, and 
subsequently precipitated it >vith oxide of lead from alcoholic solution. 

The methods adopted by the other observers mentioned above difFereil 
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much as to details. They will be found descril)ed at length in the 
original communications. That of Brieger {p. 158) serves best for the 
detection of animal alkaloids in the uruie. In some cases, however, it 
is importiint that the urine be previously concentrated in vacuo. Should 
no result be obtained with this, Gautiei^s ^^ method may next be tried. 
Finally, the Stas-Otto method may be applied to the same purpose. 
(See p. 158.) 

The diammes of the urine may be precipitated as benzoyl compounds, 
and best by the action of benzoyl chloride and caustic potasL Banr- 
mann and Udraiisky *^^ succeeded in separating several basic derivatives, 
amongst them cadaverin (pentamethylendiamine), putrescin (tetramethyl 
diamine), and a small quantity of a third diamine, from the urine of a 
patient with cystinuria and vesical catarrh (see p. 308). Normal urine 
was found to be free from these bodies. The author has been for some 
time engaged in observing the occurrence of similar poisonous base« in 
the urine of health and disease, and he has found that normal urhie and 
that of some diseases, notably typhoid, pneumonia, leukaemia, cystic 
pancreas, and WeiFs disease,*^^ hold such only in very small quantity. 
He would venture to make some suggestions for the benefit of those who 
are engaged with similar researches. In the first place, it would be well 
to follow the example of Brieger^ Bauniann, and v, Udransky, and with- 
hold the name of alkaloids from the bodies (diamines) alluded to, which 
are derived from the system under morbid conditions, because all that 
have been recognised as yet are simply diamines, and because none yet 
examined exhibit the characteristic pro^^erty of alkaloids, namely, the 
pyridin radicle. Next, it would be desirable to discriminate between 
the physiological bases of the urine (kreatinin, reducin, &c.), which belong 
normally to the fluid, and those which are associated only with certain 
diseased states. It is not intended to imply that the physiological bases 
cannot under any circumstances give rise to the symptoms of disease 
or of i)oisoning. (See below.) Experience is not wanting to make it 
seem in the highest degree probable that the retention, and still more 
the increased formation, of such physiological products in certain dis- 
eases may induce symptoms of the gravest character, and greatly imperil 
the life of the pati(»nt. 

Again, it would appear that in certtiin acute affections specific sub- 
stances of a toxic character, not observable in normal urine, may ]>e 
excreted with that fluid. Undoubtedly the matter is somewhat obscure. 
The autlior\s views may be stated as follows.'*'^^ It is possible to dis- 
tinguish : — 

(I.) Clinical (morbid) symptoms depending upon the retention of 
the physiological bases (and imder this heading would come uraemia) 
and certain of the symptoms of obstruction (retentioii-toxicosis). 
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(2.) Clinical symptoms, referable to the presence of basic protlucts, 
which are formed in the system (blooil, &c.) in disease and eliminated 
with the iirir.v' {nosO'toxicosla), [Bruschettini*^^ has conveyed tetanus 
to animals (rats and rabbits) by injecting the urine of patients suffering 
from that disease — a fact which would make it appear that the jwison 
of tetanus is eliminated by the urine.] 

(3.) Clinical symptoms which are wiused by the formation of toxic 
basic substances from morbid matter, such as pathological fluids lodged 
in certain parts of the system. Such bases are absorbed, and then give 
rise to manifestations of severe poisoning. Under this heading would 
i-ome the collective symptoms of ammoniaemia (see p. 77), and others 
which follow the absorption of gtmgrenous pus (auto-toxicosis). The 
latter are sometimes characterised by the presence of guanin,^*^- and it 
is probable that the formation of toxiUbumins has much to do with 
them. These may readily be detected by the methods of Briefer and 
FraenkeL*''^ 

(4.) Clinical symptoms, and consequently morbid types, induced by 
tlie action of toxic bases taken into the system with the food, such as 
the poison of sausages and cheese, p. 158 {exogenic toxicosis). 

These distinctions are based partly upon clinical observation and 
jmrtly upon experiments on animals. They will serve as a scheme for 
the further elucidation of this very important subject. 

If we have dwelt at some length on the result of observations which 
are not yet completed, we have done so because we believe that the 
(iareful investigation of the urine in this direction will throw light 
upon the nature of some diseases which are at i)resent not sufficiently 
understood. 

XXL The Ferments of the Urine.— The appeanuice in the 

urine of a Ixxly reseml>ling jiepsin was long ago established by v, 
Briicke.*'^* Sa?Ui, LeOy Gehrig^ Stadelmann, and Patella '*'^ made similar 
experiments, and confirmed the presence of pej)sin in the urine. It has 
been asserted that trypsin is also an occiisional constituent of that fluid, 
though some observers, 7>«>, Stoflelmann, and GrUtzner,^'^ have failed to 
And it. 

"With reference to the pepsin ferment of the urine, cliniail interest 
attaches to it from the fact that it is absent in typhoid and carcinoma 
of the stomach,*^ and according to some observers (A/V/a, Bel/ant i *'*^) in 
nepliritis. 

For the detection of pepsin Sahli's method (adapted from those of 
V. Witticli and (Jriitzner) may be employeil. It is founded upon the 
property which, as r. Witticli originally olxserved, blood fibrin possesses 
of readily al>sorbing that l)ody from solutions. To this end a little 
pure fibrin is placed in the urine antl allowed to rest tliere several 
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hours. It is then removed, placed in dihite hydrochloric acid (.2 i^qt 
cent.), and the mixture kept at a temperature of 30-40** C. Any 
pepsin present is precipitated on the fibrin, and the latter is sl6wly 
digested in tlie acid fluid. 

Diastatic ferment also is said by Hovoltschwer and Bosenf/ei'g to occur 
in urine. '^^^ The researches of Breitsing^^ and observations made by 
the author tend to show that the ferment in question is in many cases 
not diastase, but an amylolytic substance. At the same time it must be 
stated that the author has frequently determined the presence of diastase 
by the usual methods, Ijoth in health and disease. So, too, Leo ^^ has 
found diastase both in healthy and in morbid urine. 

Milk-curdling ferment is occjisionally present in the urine (Hovoft- 
schiner,*^^ Boas,^^ Helwes). 

As to whether the urine contains a ferment cajwible of decomposing 
urea into carbonic acid and ammonia, opinions difi*er. On the one 
hand, Muscultis *^ believes that he has isolated such a ferment, but 
Leube ^^ has sought for it in vain in urine which was actually under- 
going ammoniacal fermentation."*®^ 

B. Inorgfanic Substances. — The inorganic constituents of the 
urine are for the most part salts of hydrochloric, sulphuric, and phos- 
phoric acids, to which must be added carbonates, silicates, nitrates and 
nitrites, and sulphuretted hydrogen. 

1. Chlorides. — The chlorides of sodium, potassium, ammonium, and 
magnesium are found in the urine, and of these we ai-e chiefly con- 
cerned with chloride of sodium. Of this salt 10-15 grms. are voided 
by a healthy man in twenty-four hours ; but its quantity is greatly 
influenced, even in disease, by the supply of salt taken as food. 

It is increased by an abundant diet and as a consequence of condi- 
tions which determine the retention of chlorides within the system ; 
and diminished in fevers, and notably in croupous pneumonia.'*®'' The 
elimination of chloride of sodium has also been observed to be less in 
cases of chronic nephritis, and sometimes in certain diseases of the 
stomach (Gltizhiski).*^ 

Detection of Chlorixhs. — The urine is treated with nitric acid, and a 
solution of nitrate of silver added A oiiseous precipitate soluble in 
ammonia, insoluble in nitric acid, shows the presence of chlorides. 

Quantitative Estimation of Chlorides. — Mohr*s method is to treat the 
urme with chromate of potash, and gradually add nitrate of silver, 
when all the chlorine combines with the silver to form silver chloride, 
and the occurrence of a red precipitate (chromate of silver) marks 
the end of the reaction. The details of the process will be found in 
works on urinary chemistry. Salkotvs/a's '*®^* modification of Volhard^s '*^ 
method is to bo preferred. 
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"When to a solution of nitrate of silver acidulateil with nitric acid is 
added some of a solution of sulpho-cyanide of ammonium, a curdy 
white precipitate forms, and this, like chloride of silver, is insoluble in 
nitric acid, soluble in ammonia. If the fluid also contains a ferric salt, 
a blood-red colour (ferrocyanide) forms at the moment when the List 
of the silver is precipitated. If now the sulpho-cyanide of ammonium 
solution is of a known degree of concentration, it is ix)ssible to deter- 
mine the quantity of silver present by noting the jwint at which the 
red coloration takes place. To apply this principle for gauging chlorides 
in solution to the fluid containing them, a silver solution of a definite 
degree of concentration is added m excess, and that portion of it which 
is not precipitated as chloride of silver is measured in the manner indi- 
cated above. 

The following solutions are needed in the j)rocess : — 

i. Pure nitric acid of 1.2 sp. gi*. 

ii. Concentrated solution of double sulphate of iron aiul ammatiia free 
from chlorine. It is necessary that this be free from chlorine, and if 
not already so, it must be purifie<l by crystallisation. 

iii. Nitrate of silver solutitm of definite strength. The chemically pure 
crystiiUine salt is dissolved in water in the proportion of 29.075 grms. 
to the litre. A cc. of this solution corresponds to o.oi gnn. of cliloride 
of sodium. 

iv. SulpliO'Cyanide of ammonium solution. This shoidd l)e of such a 
constitution*^ tliat 25 cc. shall correspond to 10 cc. of the silver solu- 
tion. For this j)urpose 6.5-7 grms. of sulpho-cyanide of ammonium may 
be dissolved in water, and more water add(»d to 400 cc. A burette is 
filled witli tlie solution so preimred. 

Titration with the sulpho-cyanide of ammoniiun solution is effected 
tlius : — Ten cc. of the silver solution (iii.) is placed in a flask and 
diluted with water to 100 cc. ; 4 cc. of nitric acid (i.) are next added, 
and after that 5 cc. of the double sulphate of iron and ammonia (ii.). 
The mixture is well shaken up, and sulpho-cyanide of ammonium solu- 
tion from the bun^tte is carefidly added luitil a slight but i)ermanent red 
coloratit)n api>ears. The process is repeated several times, the quantity 
of tlie reagent employed in each case being noted and the mean taken. 

In jxcconlance with the result obtained, the sidplio-cyanidc of ammo- 
nium solution is diluted to such a point that 25 cc. shall corresjwnd to 
10 cc. of the silver solution. Thus, if the terminal reaction (red colour) 
(X!curs after the addition of 22 cc, the following fonuida may Ije ap- 
plieil to dett^rmine the volume to which a litre of tlie solution must be 
diluted : — 22 : 25 = 1000 :.r, and u;= 1 136.3. To the litre of sulpho- 
cyanide of ammonium, therefore, 136.3 cc. of water must be added in 
<»rtler that 25 cc. shall corres)>ond to 10 <*c. of the silver solution (iii.). 

X 



322 THE URINE. 

The remainder of the process is as follows : — Ten cc. of urme are 
measured out with a pipette and placed in a graduated flask of loo cc. 
capacity ; 50 cc. of water are added, and then successively 4 cc. of the 
nitric acid (i.) and 15 cc. of the silver solution (iii.). The flask is closed 
with a glass stopper and well shaken uj) until a precipitate ceases to 
fomi and the fluid tends to clear ; the flask is then filled to the mark 
100 ; its contents passed tlirough a dry paper filter and received into a 
dried measure cylinder or a flask holding 80 cc. The 80 cc. of fluid 
thus obtained are poured into a larger flask of some 250 cc. capacity ; 
5 cc. of the double sulphate of iron and ammonia (ii.) are added, and 
tlie sulpho-cyanide of ammonium solution (iv.), prepared in the manner 
already indicated, is gradually 8upj)lied from a burette, until the terminal 
reaction is shown on shaking the fluid by a faint but abiding red colora- 
tion. The quantity of the sulpho-cyamde of ammonium used to effect 
this is now read off". Experience has shown that 15 cc. of the silver 
solution is more than sufficient to precipitate all the chlorine from urine 
strongly acidulated with nitric acid, and that an excess of silver nitrate 
remains in solution. The excess of silver may l)e measured volumetri- 
cally by means of the sulpho-cyanide of ammonium solution, and tlic 
quantity of chlorine in the urine calculated from the difference. 

The quantity of clUoride of sodium in grammes in one litre of the 
urine may be ascertained by the following formula : — 

* = [37.5-1^] A 
Where 

ar=the quantity of NaCl in a litre of urine in grms. 
R = the quantity of sulpho-cyanide solution used in cc. 

The formula is derived thus : — 

Ten cc. of the silver solution con*espond to 25 cc. of the sulpho- 
cyanide of ammonium, and consequently 15 cc. of the former to 37.5 cc. 
of the latter. For 100 cc. of the fluid examined, therefore, are needed 
37.5 cc. of the sulphoK^yarude solution less by five-fourths of the total 
quantity of the latter employed. Since 80 cc. of the titration fluid, 
I.e., sulpho-cyanide, was used, consequently 100 cc, being the volume 
of the original fluid, will require five-fourths of the quantity read off" 
(on the burette). 

Now 25 cc. of the sulpho-cyanide correspond to 10 cc. of the silver 
solution, and therefore i cc. of the former to 0.4 cc. of the latter. 

One cc. silver solution corresponds to 0.0 1 gmi. sodium chloride ; 
0.4 cc. silver solution corresponds to 0.004 grm. sodium chloride. 

Therefore, to obtain the quantity of chloride in the volume (10 cc.) 
of urine tested, the expression [37.5 - 1 R] must be multiplied by 0.004^ 
or by 0.4 = y*^ for 1000 cc. (litre) of the urine. 



SULPHATES — PHOSPHATES. 323 

2. Sulphates. — Sulphuric acid is present in the urine 1x)th as 
simple (preformed) sulphuric acid and as cether-sulphuric (compound 
sulphuric) acid (see p. 294). The combinations of the latter acid have 
been already spoken of. Further, the urine contains sulphur as sulpho- 
cyanides,*^^ hypo-sulphites (thio-sulphates *^), and sulphuretted hydrogen 
(see also p. 327). 

The total qiuintity of sulphuric acid excreted in twenty -four hours by 
a healthy adult under onlinary conditions of diet is about 2 grms., of 
which o. I gnn. is in the form of SBther-sulphuric acid compounds. 

Sodium, ()otassium, magnesium, and calcium sulphates are found in 
the urine (see pp. 240, 249). But little clinical significance attaches 
to a general increase or diminution in the output of sulphuric acid in 
disease. Of far greater import are changes of the relative quantities 
of simple and of cether-sidphuric acidd (see p. 294). 

Thus a urine rich in indigo compounds contains little of the pn»- 
formed sulphuric acid, and in carbolic acid i)oisoning tliis may entirely 
disappear. 

Detection of Simple StUphnrie Acid. — The urine is filtered if turbid, 
acidified with acetic acid, and solution of chloride of barium added. 
A fine precipitate, barium sulphate, forms. This reaction never fails 
with the normal fluid. 

EdinuUion of Simple Sulphuric Acid, — This may be effected by 
determining first the total quantity of sulphuric acid present, and then 
that of sether-sulphuric acid, according to the methods indicated at 
p. 297. Tlie difference will be the quantity of free sidphuric acid 
sought. 

EgtimcUion of tlte Total Quantity of Sulphur. — Where it is of conse- 
quence to ascertain the total quantity of sidphur in the urine, the best 
plan is to evaporate the alkaline urine, either the whole or a known 
proiwrtion of it, on the water-bath, then to fuse the incinerated residue 
with salti)etre and soda (Heffier*^^^) to extract the fused mass with 
boiling water, and to proceed further as directed in the process for 
determining the total quantity of sulphuric acid on p. 298. The extract 
is treated with barium chloride, and the sulphur estimateil as barium 
sulphate. 

3. Phosphates. — The phosphoric acid of tlie urine is combined 
I)artly witli sotlium, iwtassiimi, and ammonium, and partly with lime 
and magnesia. Being a tri basic acid, it fonns three classes of salts — 
acid, neutral, and basic. Of these, the acid phospliates of alkalis and 
alkaline earths and the neutral and basic phasphates of the alkalis are 
soluble in the urinary fluitl The neutral phosphates of the alkaline 
earths are but little soluble therein, and their Ixisic phosphates still 
less so. 
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Upon this fact depends the deposition of phosphatic sediment when the nrine 
is boiled. The acid and neutral phosphates of the alkaline earths are changed in 
the process into the insoluble basic salts. The phosphorus salts occur partly in 
solution and partly as a crystalline deposit (see pp. 242, 247). 

Two to three grins, of phosphoric acid is excreted in twenty-four hours. 

According to Lennmcdm^^^ the amoiuit is the same, in proportion to 
the body weight, in children as in adidts. 

It appears, especially from the researches of French authoi-s,*^^ that 
in certain morbid states the phosphatic constituent undergoes notable 
increase, and that consequently a condition of phosphaturia, analogous 
to that of oxaluria, may j^roperly be spoken of ; and further, that this 
condition may take the place of glycosuria in diabetes. The subject, 
however, is still under discussion. A diminished elimination of phos- 
phates was observed by Stokvis*^ in arthritis, and v. Jakschf unlike 
other observers, has found that in some, though not all cases of lobar 
pneumonia amongst children, the quantity of phosphoric acid eliminated 
<luring the continuance of fever was increased as compared with the non- 
febrile period.^^" Lennmcdm^^ has studied this subject in connection 
with childr(»n. 

A phosphatic sediment does not imply phosphaturia.'*^ The diagnosis 
of this condition can be safely based only upon the quantitative estima- 
tion of phosphoric acid, and this is effected best by Neuhauer^s ^^ method 
of titration with a solution of uranium oxide (see below). 

Detection of Phosphates, — The urine is treated with caustic potash 
and heated. The phosphates are precipitated as earthy phosphates. 
By the addition of ammonia they may be precipitated without heat. 

To detect the presence of phosphoric acid in combination with alkalis, 
the urine is treated with ammonia and filtered, and to the filtrate an 
^mmoniacal solution of magnesia (a mixture of sulphates of magnesia 
and ammonia) is added, whereby the phosphates are precipitated as 
triple phosphate. 

Another method is to treat the filtrate {vide supia) with acetic acid, 
when the furtlier addition of uranium solution yields a yellowish-white 
precij)itate. 

The same filtrate with iK?rchloride of iron solution gives a white 
precipitate, Avhich becomes yellow on the addition of more of the i>er- 
chloride. 

Estimation of Phosphoric Acid, — To urine which contains the phos- 
phates as acid phosphates, unmium acetate or nitrate is added in solution 
until an excess of the reagent first becomes appreciable. If the nitrate 
be used, free nitric acid forms, and causes a part of the precipitated 
uranium phosphates to redissolve. To prevent this, in j)ractice a little 
sodium acetate is added to the urine Ijefore titration with uranium 
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nitrate. As an indicator a little tincture of cochineal is employed. 
This yields a green i)recipitate in presence of a uranium salt in excess. 
[Instead of the cochineal fluid a solution of potassium ferrocyanide (i in 
10) may be used. This reagent deposits a deep brown precipitate with 
a mere trace of a uranium salt.] 

This test, however, is less sensitive in presence of acetate of soila than 
in simple watery solutions. Hence it is necessary to use a definite 
quantity of the salt, and to take care that the proportion is maintained 
in preiMiring the titration fluid. 

The solutions required for the process are : — 

i. Solution of Acetate of Soda, — A hundred gnus, of acetate of so<la 
are dissolved in 800 cc. of water, 100 cc. of a 30 i)er cent, solution of 
acetic acid added, and the mixture made up to a litre. Five cc. are 
employed with 50 cc. of urine. 

ii. Cochineal Tincture,^^ — A cold infusion is made of a few grms. of 
cochineal in a quarter of a litre of a fluid composed of 3-4 i>arts of water 
with I of alcohol, and the solution filtered for use. 

iii. Solutiofi of Uranium Oxide, — About 20.3 grms. of commercial 
uranium oxide purified and well dried is dissolved in pure acetic acid, 
or in the smallest possible quantity of nitric acid, and the i)re()aration 
made up to a litre. Of the mixture i cc. indicates 5 mgrms. of P2O5. 

iv. A Solution containing a Definite Quantity of Phosphoric Acid, — 
Fifty cc. should contain precisely o.i grm. PoO^ Tlie preparation is 
made by dissohing 10.085 grms. of neutral phosphate of soda in a litre 
of water. The commercial salt should be crystallised from solution to 
obtain it free from chlorine, so that no precipitate forms ^vith nitrate 
of silver and nitric acid. The crystals are then placed on i>aper in a 
funnel, the neck of which is stopped with glass wool and allowed to 
dry there until the mother liquid is no longer found to adhere to them. 
A known weight is then taken and rubbed up in a mortar and a portion 
of the jxjwder submitted to a gentle heat in a platinum cnicilJe, and 
finally incinerated. 266 grms. of sodium-pyrophosphate (Na^P^O;) corre- 
si)ond to 716 grms. Xa^HPO^ + 12H2O. Consequently that quantity 
of the dried crystals which, when incinerated, yields 266 grms. corre- 
s^wnds to 716 gnns. of pure phosphate of soda. 

Titration Process. — Fifty cc. of the phosphoric acid solution (iv.) are 
measured into a flask, 5 cc. of the solution of acetate of soda (i.) and a 
few drops of the cochineal tincturt* art* lulded, the mixture Iwiled, and 
the uranium solution (iii.) gradually supplie<l until the mixture l)ecome8 
slightly but i>ermanently green on shaking. In the process a high 
temperature should Ik; maintained, to ])romote the formation of uranium 
j)hosphate8. [When fem>cyanide of )>ota8sium is used as the indicator, 
the addition of tlie uranium solution is suspended when a precipitate 
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ceases to form. The fluid is again lieated and a drop is tested by adding 
to it a drop of ferrocyanide in a porcelain capsule. The further supply 
of uranium solution is regulated by the. earliest appearance of a brown 
colour in the specimens successively tested.] 

The uranium solution is now diluted, according to the quantity found 
to be necessary, as above, in such proportion that 20 cc. shall just 
suffice for the titration of 50 cc. of the phosphoric acid sol utioiL 

Now, 50 cc. of the phosphoric acid solution represent o.i grm. P2O5, 
and consequently 20 cc. of the diluted umnium solution also correspond 
to 0.1 gi'm. P2O5. 

The titration process is repeated with the urine in precisely the same 
manner as before : 50 cc. are taken, 5 cc. acetate of soda and a little 
cochineal added, and the mixture heated and tlie terminal reaction 
sought. 

Every cubic centimetre of the uranium oxide solution employed in 
titration represents 5 mgmis. PgO^. Hence the phosphoric acid con- 
tained in 50 cc. of urine may be calculated by multiplying the number 
of cubic centimetres of uranium oxide solution used by 0.005. The 
result is the quantity of phosphoric acid in grammes contained in 50 cc. 
of urine. It is advisable in each case to make two such investigations 
and t^> take the mean of their results. 

4. Carbonates. — The carbonates of lime, magnesia, and ammonia 
are sometimes present in the urine. The latter salt, however, is found 
in large quantity only tis a result of alkaline decomposition. Heintz 
has provoil that ammonium salts may be detected in every specimen of 
urine, whether decomposed or not. They may be shown best by the 
addition of milk of lime in a test-tube, wlien ammonia is given off, and 
if a piece of red litmus paper be moistened an<l held over the mouth of 
the test-tube, it becomes blue. Anunonium carbonate in considerable 
quantity occurs only in decomposing alkaline urine (see p. 216). The 
method described on p. 141 will serve for tlie quantitative estimation 
of ammonia. 

Test. — The presence of carl>onates in the urine is shown by the evolu- 
tion of a colourless gas on tlie addition of acid, and this gas will render 
baryta water turbid. "'^^ 

5. Nitrates and Nitrites. — Nitrates and nitrites occur in the urine 
{ScJumhein),^^ Nitric acid is thought to be derived from the water and 
food ingested (Rohmann).^^ 

Nitrites occur only in decomposing urine, and are derived from the 
reduction of nitrates in urinary fermentiition. 

Tests for Nitntes : — 

(a.) Solution of iodide of starch paste in presence of dilute sulphuric 
acid (see p. 83). 
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(L) Metadiamidobeiizol is coloured a deep yellow by nitrites. 

Amongst the inorganic constituents of the urine there remain to be 
mentioned silicic acid and salts of iron, whicli are sparingly repre- 
.sented. 

Strilmpdl '^^ found hyposulphurous acid in a case of typhoid. The 
urine became turbid from the separation of sulphur on the addition of 
hydrochloric acid. The plan adopted by Salkowski and Preach ^^ is to 
distil the urine with hydrochloric acid, when a deposit of sulphur takes 
l)lace in the u})per jwrt of the condensing tul>e. If sulphur be present 
in small quantity, this has the appearance of a faint blue exhalation. It 
should l)e mentioned further that urine contains traces of silicic-acid 
{Pfeiffer^') and iron salts. 

6. Sulphuretted Hydrogen (Hydrothionuria).— Sulphuretted 

hydrogen is rarely present in the urine, but it aui always be obtained 
from it by heating with mineral acids.^^ It lias been ascertained 
{BetZy Senator^ Ottavio Stefano^^) that when retained in the system 
in considerable quantity it may produce toxic effects (auto-intoxication). 
In the great majority of cases, acconling to Miiller^^^ and others, 
hydrothionuria is due to a sulphuretted hydrogen fermentation of the 
urine, caused by the action of certain micro-organisms. 

This gas is sometimes derived from the alimentary canal, and its 
presence depends upon an abnormal communication between the urinary 
] passages and the gut. Betz further maintains that it may pass by 
endosmosis from the intestine into the urine ; and it would appear also 
that the gas may be absorbed from the intestine by the blood, and so 
find its way into the urine. This, according to MiUler, is a rare event, 
and hai)pens only when the quantity of sulphurette<l hydrogen is so 
great tis to give rise to symptoms of general i)oisoning. 

Tei<t8, — The urine, which should be acid, is placed in a flask, which 
is closed by a tight-fitting cork. From the latter de))ends a strip of 
blotting-i)a])er soaked in sugar of lead and caustic stKla. If sulphurette<l 
hydrogen be present, the ])aper turns black. 

Fi\ Midler recommends the foUowmg plan : — A current of air is passed 
through the urine, and directed by means of a fine-pointed glass tube 
upon a strip of blotting-paper soaked in alkaline sugar of lead solu- 
tion. If sulphuretted hydrogen be present, the i>aper is blackened* 
Emil Fischer's ^^^ test is also applicable to the urine. Some particles of 
l>-amido-tlimethylanilin are added to a few cc. of water, and a little con- 
centrated suljihuric acid and one or two drops of a yellow solution of 
jx^rchloride of iron supplied. The reagent is poured on the surface of 
the urine to be tested, when, if sulphuretted hytlrogen be present, a Mue 
ring (methyleno-blue) forms at the place of contact of the two fluids. 
This ring oftcMi takes some minutes to develop. 
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7. Peroxide of Hydrogen. — This bcxiy was first observed in the 
urine by Sehor^einJ'^'^ Its presence there has no pathological imix)rt. 

Teat. — Dilute solution of indigo is bleached by peroxide of hydrogen 
in presence of sulphate of iron solution.^^'^ Tetra-i)aper (see p. 134) 
immersed in the fluid will show the presence of ozone by taking a blue 
colour. 

8. Gases of the Urine. — The urine contains a small proportion of 
gases, which may be withdrawn from it by the air-pump. They are 
chiefly carbonic acid, oxygen, and nitrogen. ''^^ 



IV. OHABAOTEBS OF THE URINE IN DISEASE. 

L The Urine in Febrile States. — In fever the urine is diminished 
in quantity, acid, deei)ly coloured, and of high sp. gr. On standing, it 
often deposits an abundant sediment of urates. Microscopically it 
exhibits a profusion of crystals of uric acid and urates, and a few 
hyaline casts, with scattered leucocytes, renal epithelium, or fungi on 
their surface. It commonly contains a small quantity of albumin 
(febrile albuminuria) or acetone in variable proportion. Diacetic acid 
may be present when the disease is of an acute infectious character, or 
when its subject is a child. In the first case it l>etokeus great danger ; 
not so in the latter. 

The presence of peptone (p. 264), with or without serum- albumin and in con- 
junction with the clinical symptoms of a puerperal or hasmatogenic origin, 
indicates the formation and absorption of pus within the system. 

According to EJirlir/t/'^^ it is characteristic of tlu; urine in t^^phoid, 
measles, and acute tuberculosis to yield a deep-red colour ^nth diazo- 
benzol-sulj^honic acid. Authorities differ much as to the diagnostic value 
of this reaction. On the one hand, the opinion of Ehrlich is supiK)rted 
by E, yy. Goldsrhmulf,^^^ while Petizoldt ^^" and Petri ^^^ dissent from it. 
Ehrlich obtains the reaction, not with dia-l)enzol-sulphonic acid itself, 
but witli sulphanilic acid. Fifty cc. hydrochloric acid are made up to 
1000 cc. with water and sulphanilic acid added to saturation. To 200 
cc. of the mixture 5 cc. of a ^ per cent, solution of Sfxlium nitrite are 
atlded, and the resulting fluid is added to the urine in equal parts. 
Ehrlich ^^•* has recentlv recommended that five to six times the volume 
of absolute alcohol should be added to the fluid to be tested, and the 
reagent, prepared as above, then added dwp by drop to the filtrate. 
Normal urine gives a yellow colour, while the urine of fever patients 
&c., turns scarlet.''-^ The author^s experience would induce him to dis- 
ci aim for this test any clinicul imjyortance whatevei', and he trould esperidlhj 
enjoin the necemtt/ of avoidhuj infei'ences based ujxm the ap^yearance if 
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the reaction inJirated, He believes tliat tlie colour when obtiune<l is 
always due to tlie pi*e8euee of acetone, and he prefei-s to reganl the pro- 
cess rather as an luicertain indication of that bojy than as a test for 
anything else.^*^ 

It will be seen from this brief statement that a careful analysis of the 
urine will serve to make eWdent the details of acute processes earlier 
and more readily than, the methods formerly at our dis|)08aL Other 
lines of investigation are appropriate to certain acute affections ; thus, 
for instance, in pneumonia the presence of chlorides 'will be sought. 

IL The Urine in Disorders of the Circulation (Congestion). 

— Under such conditions the urine in its physical chanicters closely 
resembles that of fever. It is diminished in quantity, of acid reaction, 
and high sp. gr. (1.02 5- 1.035). ^^ c<mimonly deposits iu*atos. 

Chemically it may l)e distinguisheil from fever urine by — 

(i.) The absence of acetone and diacetic acid. 

(2.) The presence of albumin in greater quantity. 

Microscopically, and esj>ecially when the congestion is chronic, the 
urine exhibits some leucocytes and alteretl red blood-corpuscles, often 
also hyaline cjists and cylindrical aggi'egations of urates (see p. 224, 
fig. 94), waxy and a few granular casts and renal epithelium. Such 
constituents indicate secondary changes in the kidney of a chronic 
inflammatory character. 

[The Urine of PhthisU. — Hale-White^^ has pointed out that the urine of 
phthisis exhibits two peculiarities. Such urine remains acid for a very long 
time, occasionally for several months, and contains few bacilli, but a large pro- 
portion of yeast-like organisms. The persistence of acidity is probably due to 
a form of acid fermentation. The urine, when kept for a long time, turns very 
dark in colour, some specimens l)ecoming quite black. The cause of this change 
is not known.] 

III. The Urine In Diseases of the Urinary Organs. 
1. Renal Affections. 

{a.) Acnte Nephritis. — In this disease the urine is at Hrst diminished 
in (quantity — 500-800 cc. or less l)eing i>assed in twenty-four hours — 
of acid reaction, and high sp. gr. (1.015-1.025). The sp. gr. rarely 
attains to so great a height as in the urine of congestion. It ranges in 
(r<»lour from blooil-red to that of a wati»ry extract of meat, and the 
pi^esence of l)loo<l-pigment in considerable (quantity may l>e determined 
by Heiler'H test or by si)ectro8copic examination. In the latter cii.«*e, if 
the urine l>e fi-esh, the characteristic l»ands of methaemoglobin may 1m» 
visible. 

Chemical analysis shows large quantities of albumin. 

Mi(T08ropical investigation of the teiUment affords (he clue to the con- 
dition. It exhibit^ — 
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(i.) Red blood-corpuscles iii variable proportion. These are for the 
most part altered, and present the appearance of waslied-out discs 
(phantom corpuscles). 

(2.) Some leucocytes. These are always less numerous than the 
phantom cells just mentioned. 

(3.) Epithelium. Chiefly small polyhedral uninuclear cells from the 
urinary tubules, with a few others derived from the renal })elve8 and 
bladder. 

(4.) Casts. These are (a) formed of blood-corpuscles ; (6) fonned of 
leucocytes ; (r) formed of renal epitheUum ; (d) hyaline, more or less 
thickly beset with epithelial cells and red or white blood-corpuscles. 

Such are the microscopical constituents of the sediment at the 
outset of an acute nephritis, as in the first and second days of the 
nephritis of scarlatina and erysipelas. They alter their character as 
the disease progresses, and after the lapse of a few days, and side by 
side with those described, ajipear the metamorphosed casts, granular and 
waxy, t^c. 

When in the coui*se of chronic nephritis an acute exacerbation takes 
place, the urine jwssesses a similar character to that described above. 
But, as before, the description applies with full force only to the earlier 
l)eriod of the attack. If death from uraemia or cedema of the lungs 
does not ensue, the physical characters of the urine tend gradually to 
return to those of health. It is more abundant, the contained blood 
<rrows less, and then a light flesh-water tint alone declares the existence 
of acute nephritis. Albuminuria becomes less marked, and finally ceases 
with the ai)proach of health. The other signs, recognisable only by 
means of the microscope, disappear with, or shortly after, the cessation 
of the albuminuria. It must be lx)rne in mind that to justify the 
diagnosis of nephritis the formed material of the urine must be present 
in considerahle (piantity. 

The occurrence of micro-organisms has been noticed at p. 235. 

(/a) Ohronic Nephritis. — The urine is normal in quantity, or some- 
what lessene<l (i 200-1 500 cc. daily), acid, and of nonnal sp. gr. It 
usually contains a very considerable proportion of albumin. Micro- 
scopically the sediment is very variable in character, but renal epitheUum 
is never absent, and the cells are often fatty. There are metamorphosed 
casts of different kinds, esi)ecially granular casts, and hyaline casts 
covered with blood-corpuscles or renal epithelium (p. 226). These are 
of special importance in diagnosis. 

The occurrence of casts comjwsed of fatty matter or overlaid with 
fat-crystals indicates advanced fatty d(»generation of the renal tissue 
(p. 229). 
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It occasionally happens that, with all the symptoms of chronic nephritis 
present* no trace of casts or epithelium can be foond in the urine. This occurs 
most often in long-standing and very chronic cases. Sfhrtcald^^ has called 
attention to the occasional absence of casts from the urine of nephritis, and 
believes that this is to be accounted for by their solution by pepsin (see p. 319) in 
acid urine. To guard against this, he suggests that the urine should be allowed 
to stand only for a short time and at a low temperature. To obtain the deposit 
by means of the sedimentator would undoubtedly add an element of certainty. 
Olaser^^ has shown that, as the result of moderate indulgence in alcohol, the 
non -albuminous urine of healthy persons may contain abundance of leucocytes 
and casts of all kinds. These he ascribes to irritation of the kidney by alcohol. 
In conclusion, it may be stated that in rare cases of chronic nephritis the urine 
is altogether nonnal. 

(c.) Contracted Kidney. — The quantity of urine is very gi*eatly in- 
creiised — 4000 to 5000 cc. being ])assed in the twenty-four hours. Its 
reaction is acid and sp. gr. low (i. 008-1.0 12 and less). In this respect, 
however, exceptions are not uncommon. Tlie author lias met with 
cases in which the quantity of the excretion was diminished and the sp. 
gr. proportionally increased. It is pale in colour, and contains but little 
albumin, sometimes only a mere trace. The sediment is usually scanty, 
and, when examined with the microscoi>e, exhibits generally but a few 
hyaline and some granular cnsts 

It is to be observed that even those cases in which only a trace of albumin is 
to be found (small red kidney of Ribbert) often run a particularly unfavourable 
course. 

(ti.) Ainyloid Kidney. — In this condition the urine pi^esents charac- 
ters which are for the most part similar to those of (contracted kidney, 
that is to say, it is increased (though sometimes normal) in quantity, of 
acid reaction, and low sp. gr. As a ride, however, it contains more 
albumin. 

Microscopical examination of the sediment shows hyaline cjists in 
compamtive abundance and some epithelium. The microscopical ai>- 
pearances, however, are subject to much variety, and the author has 
observed cases which were hanlly to be distinguished from those of 
ihronic nephritis. Tlie amyloid reaction (iodo-j^tassic-iodide and sul- 
phuric acid, i^c.) with the casts cannot be dep<»nded upon, since, on the 
one hand, it is often obtained when the posi-morteni ap])earances show 
no amyloid <legeneration of the kidneys, and, on the other, it is absent 
in many cjises where the symptoms (enlarged spleen and liver, &c.) point 
to this (condition. 

(e.) Uraemia. — The urine in cases where the symi)tom8 of unemia 
.supervene is always rich in albumin, and microscopically resembles 
that of nephritis. It is scanty in a degree that sometimes amounts to 
anuria, and even when greatly reduc(»d in cpiantity, we often find that 
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its sp. gr. is still l)eIow the healthy standard. As^ain, the quantity 
excreted may remain unaltered^ hut the sp, gr, in such cases is always 
greatly reduced. 

When the urine is of this character, it woidd seem to hold poisonous 
bases in smaller quantity than oniinarily.^^ 

What has been said here applies onlj to typical foitnt of renal disease. The 
appearances are modified according to the various anatomical perversions of the 
kidney structure upon which they depend. 

Investigations which the author has made as to the character of the 
urine of chilcben suffering from nephritis show that the important con- 
stituents of the excretion, urea, uric acid, sulphuric and phosphoric 
acid, are constantly diminished in quantity. In adults, according to 

Miimei', the urea is less, and the total elimination of nitrogen is always 
reduced.^26 

2. Pyelitis CalCUlOSa. — The urine passed during the paroxysms 
of tluH affection is diminished in quantity, contains mucin in abundance, 
blood and pus in variable proportions, and concrete masses of uric acid 
or urates. After the paroxysms the urine is passed in great abundance. 
It is then pale in colour and of low sp. gr., and exhibits probably a 
flocculent precipitate of mucin. Persistent polyuria is common. When, 
as commonly happens, the condition is complicated with catarrh of the 
ureter and bladder, a more or less abundant purulent sediment forms 
independently of the attack. 

According to /. Flschl^^^' the urine at the commencement of this 
disease always contains casts, both hyaline and gi-anular, and this 
authority regards their presence as of great imjx)rtance in the differ- 
ential diagnosis uf pyelitis and cystitis. In addition, there occur plugs 
of cylindrical form composed of conglomerated white blood-corpuscles. 
These are probably derived from the renal pelves, and indicate an exten- 
sion of tli(? processes to the kidney proper, or pyelonephritis. When 
the latter condition is established by the a})pearances of pyelitis, then 
the presence of no])hritis, and granular casts, renal epithelium, &c., may 
l>e ol)served. 

In a case which was under the author's care, investigation of the urine dis- 
closed a remarkable appearance. The patient was a woman with renal calculus 
causing pain. The urine held abundance of carbonate and sulphate of calcium 
and triple -phosphate, and in it were long spiral bodies of large size, which 
macroscopically, microscopically, and chemically exactly resembled Curschmann'8 
spirals. There was no pus. The condition was probably an affection of the 
ureter analogous to enteritis membranacea, and it might be appropriately called 
uretei-itii membranacea. These membranous bodies continued to be discharged 
for some days. 

3. Cystitis. — In uncomplicated cystitis the urine is generally pale, 
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i>f normal sp. gr., and has an acid reaction, unless when alkaline fennen- 
tation takes place witliin the bladder. In the latter case it is turbid, 
imd deposits on standing a more or less abiuidant de|X)sit of fat-laden 
and swollen leucocytes and triple-phosphate cn'stals. Microscopically, 
moreover, pus cells and epitJielium of various forms are to be seen. 
Amongst the latter, certain cells from the deejier layers of the mucous 
lining, provideil with one or two tinger-shaped processes, are especiidly 
noticeable (see p. 219). In connection with ichorous or haBmorrhajjic 
cystitis, red blood-corpuscles and i)igment masses appear in the urine. 
The complication of cystitis witJi an affection of the ureter cannot be 
determined by chemical and microscopical investigation, but its presence 
must be diagnosed from the existence of the other clinical symptoms. 

Schniidei' ^'^ has observed that the urine in cases of cystitis often 
contains a Iwicillus, pure cultivations of which, wlien tmnsferred to the 
bladder of animals (rabbits), give rise to symptoms of the disease.^*^ 

Similar indications may l)e proiluced by a punilent uretliritis, and 
confusion in this resj>ect is to be guarde<l against. 

The condition which has been designated as amnionia&mia, and which depends 
upon the absorption of ptomaines from the bla<lder, is often, but not always, 
accompanied with cystitis. In this connection the urine, when freshly voided, is 
undergoing alkaline fermentation (see p. 217). 

4. Tuberculosis of the Urinary Organs. 

(a.) Tubercular Ulceration. — Chemically and microscopically the 
urine in this condition resembles that of cystitis or pyelitis. It is 
pale, of nonnal sj>. gr. and quantity, contains a variable proportion of 
albumin, and an abundant sediment, wliich consists principally of 
swollen and fat-laden pus-cells. The diagnosis must rest chiefly uix»n 
the recognition of tubercle-lMicillus by the metlitnls descril)ed in con- 
nection with tlie examination of tlie sputum (p. 104). In chronic 
tul>erculiu- affections the micro-organism is to be si»en in great abund- 
ance in the urine, as in the si)ecimen represented in fig. 108, and, as 
in tliis cjise, it tends to cohere in groui)s shapeil like the letter S (comp. 
p. 236). The precise hx-alistition of the affection must n»st \\\nm other 
grounds. 

(b.) Miliary TnberctQoaia. — In tliL*^ affection the iu*ine is often un- 
changeiL It is apt, however, to contain blooil at intervals, and may 
W distinguished from nephritis by the absence of casts and renal epi- 
thelium. Tulx»rcle-bacilli are never to be found tw considerable quantity 
in th«* sediment^^ 

5. Calculus and Tumours of the Bladder.— These are to ije 

suspected when copious intenuittent h»morriiages take place, and 
when tlio bkKHl which is iwsseil with the urine st^parates from it ami 
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is deposited in a thick layer at the l)ott()iu of the receiving vessel. The 
subjective 8ymj)toms, pain, &c., are usually sufficiently distinctive (see 
P- 250). 

6« Catarrhal Urethritis. — The urin(» in catarrhal urethritis is 
altogether unchanged, except that the first flow contains pus. Tlie 
affection is rarely met with. Bockhart ^^^ ascribes it to infection witli 
non-specific vaginal secretion. 

?• GonorrhSBal Urethritis. — The appearances are the same as in 
simple urethritis, but pus is usually very copious. It would appear 
that in all cases, while the infection is recent, specific micro-organisms, 
gonococci, are to be found. These were discovered by Neisset', They 
are diminutive roll-shaped cocci, aggregated in large groups, which often 
closely pack the exfoliated epithelium cells of the urethra and cover 
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Via. 134.— Gouococci of Urethritis (oye-piece IIL^ objective, oiMmmersioo t^^, Zet$»). 

their surface {Neisser, Bumm, Bockhart).^^^ More recent experienc(i 
tended at first to lessen the clinical significance of these forms (v. Zeissly 
Hartdegen, Wendt\^^ since bodies altogether resembling gonococci 
have been found to be present in the genital tract under the most dis- 
similar (!onditions. The researches of Wertlifim ^*^ in Schauta's clinic, 
however, have quite lately established their specific character beyond 
any doubt. According to Boux,^'^ the supposed gonorrhaeal microbe 
may be distinguished from other forms by the fact that it does not stain 
with Gramas method. C, Schut^^s ^^ process is as follows : — The pre- 
pared cover-glasses are placed in a semi-saturated solution of methylene- 
blue holding 5 per cent, carbolic acid, and left in it for 5-10 minutes. 
They are then removed and washed in distilled water, to which acetic acid 
has been added in the proportion of five drops of the dilute acid to 20 cc. 
of water. After this they are given the contrast-stain in a very dilute 
solution of safranin. This method furnishes good sjjecimens, but there 
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is no rea^u to prefi-r it Ui staining with citilxjl-fuiilisiii, by whicli tlie 
spt'cimeiia figured here were obtained. Fig. 134 repreaentn gi'norrliienl 
pus from a case of old iofectioD ; ^g. 135 sIidwb gonix'ticci front a pre- 
jamtion of Dr. Kolid'o, made with the pus two days after Uie infecting 
coituB,*'" The m^cuirenee of goni«ciim threads and hyaline epithelium 
oceurring iu the urinary sediment of this comlition is wortliy of uotiee.'"''^ 

IV. The Urine In Diseases of tlie Alimentary Canal.— 

DiaeaseB nf the alinieiitiuy canal, for the most pan, do not ajx'cially 
affect, the urine ])uthologically ; but in general it may l)e stated, that 
where they are attended ivith increased albununous dee(>m|KH>iltou 
within the intestine, thai fluid ig npt to eontain n lat^e amount of indi- 
can. Carcmoma t>f tlie stomach with idceration is occtisioiially attested 
by the apjkearance of |)eptone in considerable quinitities {Mai.r7i^). In 
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Fw. 15J.— (JoniK»cd(twoiiB)™«(Wr lufwtlou). 

cliTonic catarrh of the stomach, and csiiecinlly in dyspepsia, tlie ocidity 
(if the urine is apt to Ik' much lcs.ienciL 

V. The Urine in Hepatic Affections.— It may be ataieil in 

genend that in all diseaeeiR which seriously involve the proper struc- 
ture of the liver, the excretion of urea is diminislied, and even in cprtain 
severe fiirms (acute yellow ntnipby) entirely suppresswl (Sc/tnUxeu 
and Eiesi).'^ It is then to some extent represented by other idtro- 
genous metatKdites which appear in the urine ua leuciu nnd tyrosin '■*" 
(comp. ]). 344), and together with these certain non-nitrogenous sub- 
stances. Oxyamygilaliu acid {SehuUxm and Riissv, Biihmann^^), lactic 
acid, and the volatile fntty acids are often eliminated, as in eancer and 
syphilis affecting the liver (e. JakKh).^'' 

tHseosea which cause an obstruction to tlie tlow of bile are attended 
with the presence of bile-pigments in the urine (see p. 1S8). 

In atrophic cirrhosis th« latt^'r is scanty, ridi in urates, and almost 
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or entirely devoid of biliary colouring-matters, but often contains a 
high percentage of urobilin. In hypertrophic cirrhosis it is often quite 
normal in quantity, sometimes incrciisinl, and exhibits abundance of 
bile-pigment. 

The appearance of sugar and albumin in connection with disease of 
the liver is too uncertain to be of service in diagnosis. According to 
Kraus and Ludwig,^*^ the ingestion of carbohydrates (grape-sugar) when 
the liver is diseased is attended by glycosuria. The knowledge of this 
fact, however, is of little use since glycosuria belongs equally to other 
<'onditions, as diabetes insipidus, cystic ptuicreas, &c. Indeed, the 
<!hemical (constitution of the urine in hepatic disease generally exhibits 
much variety."^**^ 

VL The Urine in Diabetes Mellitus.— In this disease the urine 

is pale and clear, and in colour often inclines to green. Its quantity 
is enonnously increiused, as much as 12-15 litres being passed in twenty- 
four hours, sp. gr. high, ranging from 1.030- 1.050. It is usually rich 
in the indigo-fonning substjuice, and invariably contains a greater or 
less proportion of graj^e-sugar (p. 273). Towards the close of the 
disease albumin in considerable quantity is apt to make its appearanc43 
(StoJitis) ^*'' Exceptional cases of diabetes are met with in which the 
quantity <jf urine is not increased, and its sp. gr. is even lowered. When 
<liabetes is complicated by acute disease, the excretion of sugar may 
<»ntirely (ceasc, as lias been i)ointed out by li, i\ Engel ^^ in a contribution 
from the author's clinic. 

The author has met with one case of diabetes mellitus, in the practice of 
Professor Nothiiagcl, in which the urine contained much acetone, and showed a 
sp. gr. of 1.003. I* ^^'^^ ^^^^ found to hold more than 0.3 per cent, sugar in 
solution. 

Other substances that are occasionally to Ikj found in the urine of 
<liabete8 are acetone in lai'ge quantity, diacetic acid, and a number of 
other organic acids, such as j8-oxy-butyric acid,^^ fatty acids,*^^ &c. 
[The urea of diabetic urine is in excess of the normal — uric acid is un- 
iiffected or diminish e<l {Taylor). Ammonia, according to Stadehnann^ 
is present in large quantity, but it is neutralised and the urine remains 
4icid in consequence of the j8-oxy-butyric acid which it contains.] 

In view of tlie fact that j8-oxy-butyric acid occurs in the urine of 
<liabetes, and of other conditions, as febrile states, some notice of the 
method of detecting that Ixxly is called for. The following method by 
Kiilz is the best.''***' The grape-sugar in the urine is f(;rmented with 
yeast, tlie fluid filtered, and the filtrate concentrated to a syrupy con- 
sistence. The latter is mixed with its own bulk of concentrated 
sulphuric- acid, the mixture <listilled, and the distillate collected in a 
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test-glass. If i8-oxy-butyric acid be present, crystiils of a-crotonic acid 
separate on cooling from the contents of the test-glass, and may be 
recognised by determination of their melting-point (72" C). Should 
no such crystals form in the process, the distillate is shaken up with 
aether, and the crystals which deposit on evaporation of the aether are 
tested to ascertain their melting-|K)int. 

[The researches of Staddmann and others point to /3-oxybutyric acid as the 
toxic agent in diabetes. It yields diacetic acid on oxidation, and this breaks 
up into CO2 and acetone.] 

Diabetic urine contains other carbo-hydrates, fruit-sugar,^^® dextrin, 
<tc. According to KiUz/^^ casts occur at the commencement of diabetic 
coma. 

VII. The Urine in Diabetes Insipidus.— i^^arked i)olyuria is the 

characteristic symptom. Sixteen to twenty litres may be jxissed in the 
day. The urine is clear and almost colourless, of greatly reduced sj). gi*. 
( 1. 000 1 -1. 004). It contains neither albumin nor sugar, although it 
sometimes yields a small proportion of indican and inosite. 

VIII. The Urine in Anaemia.— The fluid is pale, of low sp. gr., and 

neutral or alkaline in reaction. [Though pale when passed it sometimes 
turns a deep red colour on the addition of nitric acid (Taylor). This 
depends on the presence of a chromogen (see p. 214).] In the later 
stages of a severe anaemia albumin may l)e found, whilst at the same 
time, except for a few hyaline casts, tissue elements are entirely absent 
from the sediment (Bamberger's haematogenic albuminuria). 

[The urine of pernicious anaemia is of low sp. gr. and very liighly 
coloured. It contains (i) pathological lurobilin ; (2) granules of blood 
pigment, microscopically ; (3) excess of iron. These characters are of 
much imi)ortance in diagnosis (Htinter),^^ 

Acconling to Hunter^ the elimination of iron by the urine, while diminished in 
chlorosis, is greatly increased in pernicious anaemia. He estimates the daily out- 
put as follows : In health, 5.6 mgrms. ; in chlorosis, 1.7 mgrm. ; in pernicious 
anaemia, 32.2 mgjms. The same observer has found diamines in the urine of 
this disease.**^] 

In leukaemia the elimination of uric acid is increased.^^* Piiis ^^ has 
observe<l leucin, and lactic acid is also found in tlie urine.^^ The 
urine is rich in nucleo-albumin,^'^ but never contiiins iKjptone.*^ 

It will be convenient liere to describe th(» method by which the lactic 
acid may be detected. 

Detection of Lcn^tic Arid, — The urine is evaporated on the water-bath 
to the consistence of a synip and extracted with alcohol. After the 
alc»ohol is di8tille<l off or evaiK)rated, the residue is extracted \vith aether, 
the aether distilled off, and the residue dissolved in water. To the 

Y 
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.solution a little Ixisic acetate of lead is added. It is then filtered, the 
filtrate treated with sulphuretted hydrogen, again filtered, and finally 
digested on the water-bath. Lactic acid remains behind in the form of 
a syrup. From this the zinc salt may be obtained by the addition of 
carbonate of zinc. It may Ije recognised by its microscopical appearance 
(small prisms), or chemicidly by the proportion of water and of zinc* 
respectively which result from its decomjxjsition. 

Colaaatiti and Moscatelli'^ assert that sarcolactic acid appears in the urine 
normally after great bodily exertion. //«««** failed to detect lactic acid in the 
urine either of health or in osteomalacia. 

IX. The Urine of Toxic States. 

1. Poisonings with Acids. — Poisoning with strong mineral acids — 
nitric, sulphuric, and hydrochloric — is generally followed by the apjiear- 
ance of blood and jdbumin in the urine. The symptoms, however, are 
often very transient. Toxic nephritis may ensue, and this esi>ecially 
when 8ul|)huric acid was the poison. The urine is then scanty, of high 
sp. gr. and acid reaction. Chemically and microscopically, it presents 
the characters of that of acute nephritis (see p. 329). In every case of 
poisoning with acids which the author has had an opportunity of observ- 
ing, the urine possessed the property of dissolving cupric sulphate in 
alkaline solution, and reducing it when subsequently boiled, whilst fit the 
same time the most sensitive tests besides gave no indication of sugar. 

2. Poisonings with Alkalies.— After poisoning with caustic potiish, 
which may be taken as the type of this condition, the urine passed 
during the first few hours contains albumin, invariably in severe ca.ses, 
but very often also when the symptoms are slight. Its chemical an<i 
microscopical characters at the same time are not otherwise those of 
nephritis. Its reaction is feebly acid, seldom neutral, very rarely 
alkaline. It possesses the reducing property in a marked degree, while 
no evidence of sugar can be obtained with the plienylhydrazin reaction 
and other tests. Where the toxic agent has been chlorate of potash, 
acute nephritis is apt to follow. The <ietectiou of this salt in the urine 
may be effected by the method described at p. 152. 

3. Poisoning with Metals and Metalloids. 

(a.) Lead Salts. — In acute lead-poisoning, especially when attended 
with colic, large quantities of albumm are often tnmsitorily i)resent in 
the urine ; more frequently still a true renal albuminuria, due to secondary 
ncpliritis, occui-s. The presence of lead may be determined directly by 
the method described in connection Avith the vomit (see p. 152). 

(h.) Salts of Mercury. — The urine in mercurial poisoning, after the 
lapse of a few hours, contains a large proportion of albumin, and verv 
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often blcKKl. Tlie symptoms of nephiitis are iwually sooner or later 
developed. This is especially true of |)oisoning with corrosive sub- 
limate.^^ 

Mercury may be detected in the same manner as in the vomit (p. 153), 
oT in the urine Fiirbringet'^s process may be employed,^*- or, better still, 
Lwhciff^A metho<l.^*^ 

Five hundred cc. of urine are acidified with hydrochloric acid (1-2 cc.) in a 
l)oaker and heated to $0-60" C. Three grms. of granular zinc or finely-divided 
copper arc then placed in the fluid, which is shaken up for half a minute. The 
metal is then allowed to settle, the supernatant fluid poured oflf, and the sedi- 
ment obtained upon a filter, where it is well washed with boiling water, and dried 
at 60' C. The powdered metal is then placed in a tube of hard glass, of &-10 
mm. diameter, closwl at one end, covered with a plug of asbestos, upon which 
a^in is put a layer some 5-6 cc. deep of granular oxide of copper ; then another 
asbestos plug, and, finally, another layer of granular zinc, which has been pre- 
viously dried and well heated. When the tube is filled in this wav, it is drawn 
out to capillary calibre at a point some millimetres behind the last asbestos plug, 
and a bulbous expansion is made at the end. The cupric oxide is first heated to 
a dull red, the layer of zinc to a lesser degree, and, finally, the powdered metal 
containing mercury. 

The mercurj- is deposited as a metallic powder in the capillary tube. The 
latter is then broken off above the last of the asbestos rings by letting water drop 
on it ; a few particles of metallic iodine are placed in the first part of the 
tube while still hot, and the other expanded end of the capillary is connected 
with an aspirator (Bohm's air-pump serves best). The iodine vapour impinges 
on the mercury, and mercuric icxlide forms, and is easily distinguished by its 
colour.*" 

HW/ and A'eyn*" have employed a modification of this process. Organic 
matter is first removed by hydrochloric acid and chlorate of potash, and copper 
as a thin foil is introduced to receive the metal (mercury) instead of grammar 
zinc or powdered copper. The method is said to bo very satisfactory. Tliat of 
Alt^^ is still more simple. Winternitz^^ has devised a method for the quanti- 
tative estimation of mercury in the urine. 

Aliiuni^^ methofl is the following : — About 300 cc. of the urine to be tested 
are taken, a little caustic soda and some sugar added, and the mixture boiled. 
The phosphatic sediment which falls carries the mercury with it. When it has 
entirely settled, the fluid is decanted oif, the sediment dissolved in hydrochloric 
acid, and a piece of fine copper or brass wire placed in the fluid, which is then 
maintained at a moderate heat for an hour and a half. After this the wire is 
removed, boiled in alkaline w^ater, and dried with blotting-paper. It is then 
placed in a glass tube of small calibre, which is broken a few millimetres in front 
of the wire, fused at the end, and heated over a small flame. The mercur}* sob- 
limes, and is deposited in small globules, which can be readily recognised with 
the microscope. The reagents employed in the process should be pre>iously 
tested for such mercury as they may themselves contain (see p. 153). 

(r.) Salts of Oopper. — In jwisoning with cop|)er salts, the urine is 
always reduced in quantity. It usually contains albumin, and very often 
also blo<Hl As to whether acute nephritis can originate in this way, 
some doubt exists. Experiments on animals would seem to favour the 



I 



340 THE UBIKE. 

nesuniptioii. T<» detect the ixiisoii in tliu urine, the metluxl desi'i'ilteil iit 
p. 154 mil serve. 

(d.) Arsenic — ^In acute nrsenical imiaoniug iilbumin ami eometimew 
blood ill considerable quftntities appear in tlie urine. In one aiae tlie 
autlior has olwetved nil the signs of acute nephritis. The urine jws- 
sesses the reducing property, but sugar cannot otherwise be made evi- 
dent. The eifect on the urine of chronic arsenic-poiaoning is but little 
understood. Albuminuria would seein occasionally to occur in thi.i 
connection. 

For the detection of arsenic, sec chnpter on the vomit (p. 154). 

(e.) Phosphoras. — At the outset of a case of phosphorus-poisoning tho 
urine is nt* notably changed as to quantity or sp. gr. Later it contains 
albumin, but not usually in considerable cpinntity, occjisionally blood, 
and very connnonly caste of different kinds. The presence of peptone 
has repeatedly been recorded {Gerliardt, Maixner, r. Jaksch). Biliarj- 
acids and colouring-matters are also met with, and Schultzen and Riess 
have detected sarcolactic acid. In a case which recently came under 
his notice, the author obtained an appreciable quantity of fatty aciiU 
from 300 cc. of the fluid. Tyrosiii and leucin are rarely present, as is 
tho cone in aeiite yellow atrophy of the liver. Fat has been found in 
large quantitii'S in the urine of phosphorus-poisoning.**" The elimina< 
tion of urea has l>een rejiorted as cxceeiling or falling short of the healthy 
stnndanl in different cases. 

Id b case of severe phosphorus -poisoning under the author's care the output of 
urea estimateil as nitrt^n was, on the flrat day (of twentj-four hours) after the 
poisoning 5.6028 guns., on the second daj 7.9946 grms., on the third day 16,0406 
fTina., and on the foorth day 10.Z45S grins. The patient was at once submittecl 
to rigorous iTcatment, and ultiuiately recovered. It will be observed that the 
accident was followed immediately by a diminished elimination of nrea, which 
again ejthibitcil a notable increase. Observations by Dr. Mihurr, the author's 
assistant, which will shortly be published, furnish valuable information on the 
subject of metabolism in connection with phosphoms-poisoning. With his per- 
mission, it may be slated here that the urine contains an enormous increase of 
ammonia, side by side with a falling off in the quantity of urea and of the nitro- 
genous excretion. Uric acid was normal. These results were obtained by the 
investigation of two fatal cases. 

4. Poisoning wltli Allcalolds. 

(a.) UoTpbla.^ — In acute jKiistininp with morphia the urine is com- 
monly found to contain siigar. In chronic moriihinism, again, it has a 
[wwerful reducing action, and sugar may sometimes be fotind with other 
tests {see p. 273). [The reducing pro]>erty depends H]X)n the presence of 
glycnroiiic acid {Halliburton.'] For thf; detection of morphia in the iirino 
the method described at p. 156 may be adopted. It mnst be borne in 
mind, however, that morphia does not appear in tlie urine in all cases of 
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morphia ix)i8oniiig or morphiiiism, and its absence does not prove that the 
alkaloid has not ht»en taken. The researches of Donath ^"^ have shown 
that it may disapj^ear entirely within the system. 

(&.) Nicotin. — Tlie toxic effects of nicotin are not associated with any 
8j>ecial changes in the character of the urine. For the detection of the 
alkaloid see p. 157. 

(c.) Atropin. — Little tliat is definite is kno>>ni of this condition. 

Atropin may lx» isolated from the urine in the stime manner as that 
descril>ed in connectitm with the vomit (p. 157). As a test for its 
prt»sence a little of the urine may l)e placed in an animaPs eye, and the 
mydriatic effect watched for. This will be obtained, acconling to de 
Rnitter and Donflers/*^^ when the urine contains the alkaloid in the 
l)roi)ortion of one part to 130,000 of water. In cases of iK)is(ming with 
deatUy nightshade berries (Atropi bella<lonna), the urine has a |>eculiar 
fluorescence {A. Paltauf^'*'\ due to the presence of scojwletin. This 
does not occur in |X)isoning with the pure alkaloid, antl in certain cir- 
cumstances it affords an indication as to the soun*e of the jwison. 

((/.) Ptomaines (Exogenic Toxicosis). — The phenomena of poisoning 
with ptomaines need further investigation. In a case (of sausage- 
l>oisoning) which wjis recently under the care of Profesffor Nothnagdy 
albuminuria and the signs of nephritis sui)ervene(.L Subsequent experi- 
en(!e has convinced the author that kidney trouble regularly occurs in 
the lati^r stages of ptomaine-poisoning. 

5. Poisoning with Ethylic Alcohol.— Chronic alcohol-iwisoning 
api)ears to produce nephritis and arterio-sclertJsis.^"'* In the acute condi- 
tion the i)oison can be found oidy as the merest trace in the urine. ^"'* 
To n'cognise its presence the urine must l)e distilleil by means of a 
steam-bath, an<l the distillate treated in the manner descrilx>d at p. 161. 

6. Chloroform-PoiSOningf. — In this condition the urine is gene- 
r.dly «)f high sj). gr. It often contains a trace of albumin ami some 
sugar [or glycuronic acid (Halliburton).] Acconling to Kast and Mester,^"^^ 
the urine after the prolonged administmtion of chlorofonn contains an 
<»rginiic sulphur com|Mnnid and un)bilin, and is highly toxic.^"** For the 
det4M'tion of chlorofonn the urine is distille<l bv means of a stemn-bath 
to i)revent fn)thing, and the first droiw of the distillate are submitted to 
Hoffmann's orYitiUis te8t(sc?ep. 161). The results obtaine<i in this way 
are ecpially iLseful with those of Mart'cliaVs metho<l.^''^ 

7. Carbolic Acid-Poisoning. — When lai-ge <|uantities of carbolic 
acid have l)een atlministereii through the mouth or absorlnnl from a 
wound, th(» voi«le<l urine assumes a <lark-gn»en colour, which changes 
to black on standing. This colour is «lue to the presence of hydro- 
chinon, a derivative of phenol, which, while still within the system, is 
in |Mirt tnuisformcil intt> coloureil oxidation proilucts (Baumann .9Xi\l 
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Preiisse).^'^ Pure phenol is never present, but even in the severest 
cases is found only in combuiation with sulphuric acid (j). 297). Hence 
the characteristic reaction of carl)olic acid — a violet coloration with 
solution of perchloride of iron — cannot be obtained with the urine. 
The latter contains a small quantity of albumin, and commonly also 
haemoglobin (p. 271). A further e\idence of the condition dei)ends 
upon the diminished proportion of simple sulphuric acid which it con- 
tains. Wlien chloride of barium is added to healthy urine acidulated 
with acetic acid, an abundant precipitate of barium sulphate falls ; but 
when from any cause the quantity of sulphuric acid in the uncombined 
form is lessened, this precipitate fails, or is represented by a mere tur- 
bidity. If now in this case the urine be filtered and boiled with hydro- 
chloric acid, so as to decompose the phenol-sulphiu'ic acid (see p. 297), 
with the reproduction of simple sulphuric acid a copious precipitate of 
barium sulphate forms. 

Inasmuch as phenol-suli)huric acid is normally a constituent of the 
urine, it serves but little jmrpose in cases of carbolic acid-poisoning to 
attempt an estimate of the i)henol which passes over as tribromo-phenol 
(see p. 299) in the process of distillation. A better plan is to determine 
the relative proportion of simple and compound sulphuric acitl present 
(see p. 323). If it be found that the latter is increased while the first 
is diminished, and if at the same time such affections as promote the 
eUmination of sether-sulphuric acids (active albuminous decomposition) 
can be excluded, this is strong presumptive evidence of carbolic acid 
poisoning. 

The same method will serve for the detection of all the aromatic 
substances which appear in the urine as 8etlier-sulphuric acids in cases 
of poisoning or after the administration of drugs. 

8. Poisoning with Nitro-Benzol and Aniline. 

(a.) Nitro-Benzol. — In cases of poisoning with this substance, the 
lu-ine has the odour of nitro-benzol, and generally contauis a substance 
which has the property of rotating polarised light to the left, and of 
reducing cupric sulpliate in alkaline solution.^'^ 

(6.) Aniline. — The recorded observations of cases of poisoning with 
aniline show tliat the character of the urine varies considerably. It is 
usually dark in colour and highly concentrated {Grandhomme)J*^^ In 
one instance {Fr. Miillei' ^^) it was free from sugar, albumin, and blood, 
and exhibited the reduction phenomenon in a marked degree, ^ther- 
sulphuric acids were notiibly increased. An sethereal extract was found 
to contain aniline by its yielding a violet colour in presence of solution 
of chloride of lime (see p. 162). Miiller is of opinion that this substance 
is in part eliminated as paraamido-phenol-sulphuric acid. 

9. Poisoning with Carbonic Oxide Gas.— The urine passed in 
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this condition invariably contains gra|)e-sugar ^^- (see p. 273), and an 
uncertain proportion of albumin. Tlie quantity of sugar varies directly 
with the intensity of the poisoning. 



V. THE DETECTION OF CERTAIN DBUGS IN THE UBINR 

1. Iodoform and Salts of Iodine and Bromine.— After the 

exhibition of iodoform, whether internally or by outward application 
iodides and iodates may be detected in the urine. So too with iodine 
when applied externally as the tincture, or taken by the mouth as iodide 
of i>otas8ium, it may be readily recognised in that fluid. 

To test for iodine: the urine is treated with a little fuming nitric 
acid or chlorine water, and shaken up with chloroform. If a salt of 
iodine be present, the metal is set free, and dissolves in the chloroform, 
with the formation of a red colour. 

The quantitative estimation may be effected best by Hamack^s^^ 
method, in which all the iodine is converted into palladium iodide. 
Iodine appears in the urine veiy shortly after it has l)een taken into the 
system. A quarter of an hour >vill suffice for its manifestation there. 

Bromine salts, when verj- abundant, may be detected thus: — ^The 
urine is treated with chlorine water, and shaken up with chloroform, 
when bromine dissolves in the latter, with the production of a yellow 
colour. It will usually be found necessary, however, to evaiKirate the 
urine previously, then to iiKrinerate it carefully, and to test the colour- 
less watery extract from the ash in the manner described alx)ve.^^ 

2. Salicylates— Salol and BetoL— Salicylates also very quickly 
pass into the urine. The latter then exhibits a remarkable reducing 
power, and yields a violet colour in presence of solution of i>erchloride 
of iron. This reaction depends partly upon the presence of salicylic 
acid and partly upon that of salicyluric acid, into which the latter is 
changed within the system. This reaction is not readily prevented by 
boilmg. The boily on which it dejiends is taken up by sether from 
acidified urine, and can be detected in the sethereal extract by means 
of solution of i^erchloride of iron. The reaction, unlike that of diacetic 
acid (see Diaceturia), does not disapjwar on standing. It is well in 
testing for it to precipitate the phosphates with solution of perchloride 
of iron and filter, and then test the filtrate with more of the reagent. 

Tlie exhibition of salol (phenyl-jether of salicylic acid) imparts a 
similar character to the urine, which also on standing acquires a tint 
varying fr<»ui dark-green to black, like that following the use of car- 
IhiHc acid. 

The use of l)etol (naphthalol, salicylate of j8-naphthol-8Pther) does not 
impart any special colour to the urine, which, however, yields the per- 
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chloride of iron reaction. Both aalol and betol appear in the urine as 
sulphuric acid combinations (v. Jaksdi),^^ 

3. Quinine, Kairin, Antipyrin, Thallin, Antifebrin, and 
Phenacetin. 

(a.) Quinine. — This alkaloid is said by Kerner''^ to be eliminated as 
dioxyquinin. It renders the urine dark. For its detection a large 
quantity of the fluid is taken, treated with ammonia, and shaken up 
with 8Bther. Tlie latter is then distilled off or evaporated, and quinine 
remains in the residue. It is dissolved in acidulated water, and the 
addition of chlorine water and ammonia causes an emerald-green tint to 
develop. 

{h.) Kairin. — Under the mfluence of this drug the urine acquires a 
brown colour, wliich becomes brownish-red with solution of j^erchloride 
of iron. The substance upon which this reaction depends may be 
extracted with aether from acidified urine. The reaction in the aethereal 
extract remains even after the lapse of weeks. The addition of strong 
acids to the urine destroys the reaction, and it is, moreover, impaired 
by prolonged boiling. Acconiing to v, Mering^^^'^ kairin is eliminated 
as kairin-potassium sulphate. 

(c.) Antip3nia imparts a darker tint to the urine, which gradually 
becomes a purple-red when treated with perchloride of iron. If the 
urine be acidulated and extracted with sBther, a substance is obtained 
which colours brown with percliloride of iron. This reaction is gradually 
lost after the lapse of a few days. It is impaired, but not destroyed, 
by boiling the urine. It is destroyed by the addition of acids. Esti- 
mation of the quantities of simple and of aether-sulphuric acids in 
appropriate instances has shown that antipyrin is eliminated as a sul- 
phuric acid combination {v, Jaksch). 

{d.) Thallin. — The urine after the administration of thallin is usually 
a brownish-green when viewed in bulk, greenish in a thin layer. 
Treated with |x;rchloride of iron, it presently exhibits a purple-red tint, 
which, after the lapse of four or five hours, if imdisturbed, passes into 
a brownish-red. If a little mineral acid be added and the fluid l>e 
shaken up with aether, the latter takes up a substance which colours 
brown-red with perchloride of iron. The coloration does not vanish 
when the specimen is allowed to stiind, but rather l>ecomes more 
marked. Wlien the pure thallin urine is shaken up with aether, tlie 
aethereal extract contains a body which colours green with i)ercldoride 
of iron (thallin). ^^ The tint in this case disappears on prolonged 
standing. The red colour obtained with perchloride is lost by boiling 
for a few seconds. It is likewise destroyed by mineral acids. Thallin 
is partly eliminated in the form of chinanisol. 

(e.) Antifebrin. — The physical character of the urine is unaffected 
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even by large tloses (»f antifebrin. Chemically it has l>een ascertained 
by F, MiUler that it contains more than the nonual proportion of 
aether-sulphuric acids ; and this is accounted for by the supposition that 
antifebrin is changed Avithin the system to paraamido-phenol-sulphuric 
acid. Wliere the drug has been exhibited in large quantities, it may 
l)e recognised in the urine {F, MiUler ^^) thus : — The fluid is boileil with 
one-fourth its bulk of strong hydrochloric acid, and when it has cooled, 
a few cc. of a 3 i)er cent, solution of carbolic acid is added, and then a 
few droi)s of a solution of chromic acid. If paraamidophenol be present, 
the si)ecimen develops a red colour, which gives place to blue on the 
addition of ammonia. 

For the <letection of antifebrin Fw/i^^* recommends the follo>nng 
methoil : — The urine is shaken up with chloroform, and the residue from 
the extract is heated with a little mercurous nitrate. If antifebrin be 
j)resent an intense green coloration takes place. When antifebrin has 
been separated from the urine, as by shaking it up with aether and 
acid, it C4in also be recognised by the addition of chloroform and caustic 
ix)tash. Antifebrin also is excreted for the most part in combination 
with sulphuric acid {Fr. MiUler, Morner, v. Jaksch). According to 
Morner,^^^ this body is in part oxidised to acctyli>araamidophenol within 
the system, and eliminated as aether-sulphuric acid. 

(/.) Phenacetin (acetphenetidin). — The colour of the urine is un- 
attected by this Ixnly, even in large doses. It rotates jwlarised light 
t<» the left (glycuronic acid combination, Fr. MiUler ^^), and exhibits 
the i»araamidophenol reaction described alx)ve. It contains no free 
phenacetin, but the presence of phenetidine may l>e shown by changing 
it into its diiizo compound, which then yields a purple coloration with 
naphthol or yellow with phenol (MiUler). The process is as follows: — 
To a sjM^cimen of the urine two drops each of hydr<K*hloric acid and of 
sodium nitrite solution (i per cent.) are abided. The further addition 
of an alkaline watery solution of a-naphthol and a little caustic soda 
causes a l>eautifid red colour to develop, ami this jmsses into violet if 
hydrochloric acid l)e supplied. Under the same conditions phenol gives 
a citron-yi'Uow in alkaline and a rose colour in acid solution. A\Tien 
large doses of the drug have been taken, the urine gnulually takes a 
brownred tint in presence of |)erchlori<le of iron solutions and oxidising 
sulistances, changing slowly to black on standing for a long time. Ac- 
conling to Ubaldiy^^^ the ingestion of jihenacetin is attendwl by an 
increase* in the amount of combined sulphuric aci<l in the urine. 

4. Chrysophanic Acid. — The administration of infusion of senna 
or of i)re} Mirations of rhubarb inqmrts a re<ldish-brown colour to the 
urine, which may l)e {>resent in the freshly-voided fluid or develop on 
stiuiding. This gives j)lace to red on the addition of alkalies at ordinary 
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temperatures. When boiled with alkalies the resulting phosphatic sedi- 
ment is not red, but yellow ; and if dissolved in acetic acid the solution 
also colours yellow, changing to violet on exposure to the air ; in this 
respect dififering from the precipitate of blood-pigments, which is also 
soluble in acetic acid, but gradually bleaches when exposed. 

5. Santonin. — Santonin taken internally colours the urine yellow, 
which again gives jJace to red on the addition of alkalies. Its presence 
may be discriminated from that of rhubarb {Munk) ^^ from the fact that 
the red colour developed by the latter m presence of alkalies, though 
pennanent, is rapidly destroyed by reducing agents (granular zinc, 
sodium amalgam), whilst that due to santonin persists under like cir- 
cumstiinces. Chrysophanic acid is precipitated with baryta water. The 
precipitate is red and leaves a colourless filtrate. The latter is yellow 
if santonin Ikj present The addition of alkaline carlx)nates turns the 
urine red, raj)idly if it contain rhubarb, very slowly and gradually in the 
case of santonin. 

G, Hoppe-Seyler ^^*'' has suggeste<l the following method for the dis- 
crimination of chr}'sophanic acid and santonin : — The urine is treated 
with caustic soda and extracted with amylic alcohol. If the colouring 
matter of santonin be present, it passes over with the alcohol, and the 
specimen is decolorised. The colouring matter of chrj-sophanic acid 
derived from the exhibition of rhubarb or of senna is little or not at all 
taken up by amylic alcohol in presence of the alkali. 

6. Tannin. — When tannin has been taken medicinally in large 
doses, the urine turns dark-green with solution of perchloride of iron. 

7. Naphthalin. — Xaphthalin in large doses causes the urine to 
assume, especially on standing for a long time, a dark tint, like that 
due to carbolic acid. 

According to Petizoldf,'^^*^ a dark-gi*een colour develoi)s rapidly in 
presence of concentrated sulphuric acid. 

8. Copaiba Balsam. — Copaiba l)alsam in the urine yields a red 
colour with hydrochloric acid, changing to violet when heated. If 
ammonia or caustic soda be added to the urine, a light- brown colour 
with a blue fluorescence develops {Edlefsen)?^'^ 

When lx)iled with an acid the urine gives a precipitate which is 
soluble in alcohol. 

It may be mentioned here that after the use of oil of turpentine the 
urine sonu^times gives a precipitate with acids. It has idso a charac- 
teristic odour of violets. 



CHAFTER VIIT. 

INVESTIGATION OP EXUDATIONS, TRANSUDATIONS. 

AND CYSTIC FLUIDS. 

Fluid may be effused into any of tlie cavities of the Ixxiy as a conse- 
quence of inflammation or of disturbances in the circulatory system. 

Under appropriate circumstances a portion of such fluid may bi» 
drawn off by pimcturc or in some other way, or a spontaneous oj^ning 
may occur, and in either case the fluids so obtained may be submitteil 
to examination. In this way much useful infonnation may be secured 
for tlie purposes of diagnosis. A question arises at the outset as to 
whether tlie fluid is an inflammatory proiluct (exudation), or the result 
of impediment to the circulation, or derived from the degeneration of 
certain organs (transudation). 

A. -EXUDATIONS. 

An exudation may l)e purulent, sero- purulent, putrid, hsemorrhagic; 
(»r serous. All such fluids, with the exception of the last two, imply, 
of coui-se, an inflammatory origin. Upon its other characters, and 
especially upon the nature of the tissue elements which it contains, 
more precise inferences may be based in the case of any one of them. 

I. Purulent Exudations. 

I. NAKED-ETE APPEASANOES.— Pus (bomim et latulabile) is 
a turbid fluid of varying consistence and high sp, gr., \\\i\\ an alkaline 
reaction, and ranging in colour from grey to a greenish-yellow. It 
may accumulate* in natural cavities (exudations), or Im? effused amongst 
the tissues (phlegmon), or, finally, it may 1k» secn^tetl from the surface 
of a wouml. On standing in a cool i)lace, it sej^arates into two layers, 
the upj>er of which is of a light-yellow colour and tolerably trans{)arent, 
and the lower opaque from tlu* deiK)sit of pus-cells. It is often brown 
or brownish-red from a<lmixture with blcKKl. Putrid pus can always 
be discriminated by its naked-eye pro|)erties. It is thin, green, or 
bro>mish-red, and emit* an extremely penetrating odour of in<lol and 
skatoh 
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n. MIOBOSOOPIOAL OHABAOTEBS. 

1. White and Red Blood-Corpuscles and Epithelium.— ^Vlien 

pus is submitted to microscopical examination, it discloses a multitude 
of cells which entirely resemble white blood-corpuscles. When derived 
from a i)erfectly fresh specimen, these cells exhibit the contractile pro- 
perty, and the mahogany coloration obtained with solution of iodine 
and iodide of potassium or ammonium attests the presence of glyco- 
gen. This reaction is obtained best with fresh pus from the surface 
of a wound. The dead cells are shrunken and very granular, or may 
appear as decomposed or decomposing particles of protoplasm. 

In addition to this, giant pus-corpuscles and fat-laden cells are occa- 
sionally observed. No special significance attaches to their presence. 
Theyliave been seen in the pus from an abscess of the gum {Boettcher^), 
in hypoi)yon (Bizzozero% and in the (ton tents of suppurating ovarian 
cysts (v. Jalcsch). 

Some red blood-corpuscles are nearly always present in freslily-secreted 
pus, and when blood in considerable quantity has been effused and after- 
wards its elements disintegrated, the discharge may Ix* more or less 
amply tinged by admixture with blood-pigment or haematoidin crystals. 

Fatty particles and globules are seldom wanting, either free or com- 
bined witli the protoplasm of the cells. The epithelium elements are 
comparatively few. In cancerous exudation from the pleural cavity 
vacuolated epithelial and fatty endothelial cells are commonly to be 
met with. 

2. Fungfi. — Modern research^ has established the fact that the 
formation of pus in aninuil organisms is effected almost entirely tlirough 
the agency of micro-organisms, and that such l)odies can nearly always 
be detected in the discharge with tlic aid of the staining methods (p. 377) 
which the recent advances of science have placed within our reach, where 
the microscope alone fails to disclose their prosoncc. 

Important experiments upon animals ** have shown also that sui>pura- 
tion may be caused l)y certain chemical substances, as cadaverin, ci-oton 
oil, ifcc, independently of micro-organisms ; and it is possible that the 
human system may be similarly affected by them. 

1. Micrococci. — Micrococci of varying form and size are very often 
to l>e seen in fresh pus.^ Fig. 136, which represents the ai)peaiiuice of 
a six'cimen tiiken from a pleural exudation and stained by Gram's 
method, affords an appropriate illustration. They are usually arranged 
in chains (Streptococci), occasionally in pairs (Dij)lococci). 

Posset,^ proceeding on Koch's method, has cultivated no less than 
eight different forms of fungi from pus. When suj)j)uration has con- 
tinued for a Icmg time in a cavity excluded from the air, micro-organisms 
are sometimes wanting in the pus. Bnegei'^ has observed Stiiphylo- 
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coctua pyogenes aiireiiB nud Strpptococcus iiyogeuc:' in i'iih from a 
woman witli iiuerjieral fever.^ The presence of miuro-orgmiiams hitherto 
mentioneil is evidence of suppuration in tlie course of septic processed 
(comp. p. 47). Btijteid' lately matle. tlie interesting diacoverj- tlint the 
effect of grape-eii^or ujm>u the tissues is to promote the development i>f 
StnjihylococcUH aureus by diminishing their resistance, and so to favour 
the formation of pns. The tendency of diabetics ti.i undergo suppurative 
processes, so long 11 matter of clinical olwrviition, is explained in this 

A blno colour has occasional I j bceu observed on The surtnce of suppumlin^ 
irounda. Thia is produced by colonies o( Bacillus pyocvaiiogeniiE or of a fungus 
resembling it. The colouring-natter has been isolatetl from such pus in coubinn- 
tion with hydrochloric acid.'" 



Tlie detection of j>atho|ienic fungi in pus is a point of great iiu- 

2. Tnbercla • Bacilliu. — The tubercle-bacilliis hns often lieen dis- 
covered in tubercular pus," but the author has aiituetimes fiuled to find 
it even in the fresh dischai^e. Its presence, of course, is conclusive as 
to the nature of the disease, -but its absence does not imply that nu 
tubercle is pi'esent It would appear that under certain conditions the 
Incillus rapidly disap|iears from fresh <lischarges (Meleehniktif).^^ 

3. B&ciUns of Syphilis.— The bacillus discovered by Laglyarleit '* iu 
the pus of ayphitis affonts a valuable indication of tliis disease ; but 
caution must be olwen'ed in identifying it, since Alvarez and Tavd " 
have shown that certain secretions, as tlte suieginn pnepiitiale and 
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viilvnri', :ire mit U> CDiitiiiji forma wlikli closely reseiiililp Ur' venereal 
microbe. Sucli foiins are to be (Uscriminate*! hy the IwhaWour of 
Htiiined prepnratioiis in presence of alcohol. In the case of the bacillus 
of Bjiihilia, theae ure with difficulty and very alowly bleached by alcohol, 
wliilst the microbe of smegma readily loses its colour under the ac^on 
of that substance. 

An iiujiortaQt iidditiuu to our knowledge of tlie baeiUua of sypliilis 
vtaa recently made hy Kamen}'' who found the micro-oixaniBni in the 
ijputuni of :i child of nine years. Tlie character of Lunt'jarlen'a baeilluB 
luia lieen much questioned of late, and others have regarded certain 
cocci OS the specific e^icitaiitg of syjihilii; (Kamowitt, Hodisijiger, Dime, 
Tagudii), 

For the detection of the bacillus of sy[>hilis Liistijarten '' proceeds aa 




follows ; — The covcr-ghas preparation is immersed in an Elirlich-Weigert 
gentian- violet flidd for 12-34 I'ours at the ordinary temperature. It 
is then removed, rinsed for some minutes with absolute alcohol, and 
placed for ten seconds in a li per cent, solution of peimanganate of 
potash, after wliich it is treated with a watery solution of pure 
sulphurous acid, and fiuidly washed with water. Should it happeu 
after this that the preparation still shows colour, it is again placed in 
]>ermanganate of potash for three or four seconds, and afterwards in 
sidphurous acid initil all colour has disappeared, the remainder of the 
process also 1>eing reiwated. It is to be noted that other microbes, 
both imthogenic and innocuous, are stained by Luslgnrtcn's proceaa 11 
well as that of syphilis. 

Dp. trincOHit'* has suggested a methi>il which i* very serviceable for J 
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the detection uf tlie bacillus uf ^yphili^. In tliis the drieil cover-glass 
prepamtion is warmed for Bonie minutes in an auiline-water fuchain 
fluid, then waslicd with water to wliich a few ilrojia of perchloride of 
iron s<Jution have been added, and finally decolorised in n concentrated 
solution of that salt. The bacillus then remaius of a red colour, while 
all other micro-oFKanisnis are bleai-hed. 




4, Actinomjrces. — This jmrasite was first discovured by Bollinger^' in 
cttttic, and aflerwanls in man by PonficJi^'^ and /sroe/."' In the former 
it gives rise to tumours of considerable size, hut in man its proliferation is 
usually associated with chronic inflanunatiou and the production of pus. 

It would appear from imnieroua communicatioiu that have been made 
in recent years that ictmom>cosi9 is a disease of \en wide disti ihntion. 




and that amongst its syni|>toms is a severe form of angina, till lately 
obscure, to whicli tl>e name of angina Luilovici has Iwen given.** 

[It usually affects the intestiaal *" tract, but priiaarj- actinomycosis ot the 
apices ot the luag ba« been met with," and six cases ** have been tecorded in 
which the Jiseaie had its seat in the bnin. One of these by Dr. OrioK^ is of 
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exceptional interest. Anderson-^ of Nottingham has lately recorded a case 
of actinomycosis of the face and neck, which was successfully treated by 
operation.] 

* 
The pus of this disease is thiii, viscous, and somewhat tenacious, and 

discloses to tlie naked eye small nodules of a grey or yellow colour, and 
about the size of a poppy -seed. Under a low power of the microscope 
these particles appear as a dense bunch-like aggregation of spherules, 
which under a higher magnifying iK>wer are seen to consist of pear- 
shaped, and radially arranged masses, which have a considerable refrac- 
tive power (figs. 138, 139). Towards the centre of such masses the 
individual elements diminish in size and fade into a fine network of 
ramifying fibres. If one of the nodules be bruised, it shows in the first 
place numerous detached club-shaped forms, having a radiating disposi- 
tion toward the periphery (fig. 1 38), and passing gradually at the centre 
into a sort of detritus ; and in addition to these are a variety of other 
objects, club-shaj)ed and of indeterminate appearance (degeneration types 
of the fungus), lying apart. 

There was for a long time much doubt as to the botanical character 
of Actinomyces. Recently, however, it has been established ^^ that it 
belongs to the class of fission-fungi, being a fission-alga (Cladothrix). 
The characteristic club-shaped bodies must be regarded as degeneration 
forms of the fungus. In unstained microscopical preparations they 
may be seen sometimes to fade into the central fine network, and even 
occasionally to be enclosed in its meshes (fig. 139). [Crookshank'^ 
believes tliat actinomyces is a fungus intermediate between the fission- 
and the higher fungi ; and Dr, TF. Hill -® refers it to the Basidiomycetes.] 

With the aid of staining methods {Gramas is the best) the individual 
threads of the network arc readily distinguishable. They present a 
jagged or undulating contour, and result from the cohesion of a series 
of minute si>herical organisms, connected together by a remarkably 
delicate* envelope. The centre, to which all the constituent threads of 
a group converge, is occupied only by a very dense network of this 
formation {fi^. 140). 

The ])ear-shaped bodies above alluded to may be more clearly defined 
by staining with WeigeiU's'^^ process. For this purpose a solution is 
made by adding together 20 cc. absolute alcohol, 5 cc. concentrated 
acetic acid, and 40 cc. of distilled water, and to the mixture so much of 
the so-called French extract of litmus as will give the fluid a dark-red 
colour, remaining ruby-red after repeated filtering (WedVs^ litmus 
solution). In this solution the cover-glass preparations are allowed to 
remain for an hour or so, then lightly rinsed with alcohol, and placed 
for two or three minutes in a 2 per cent, gentian-violet fluid, which 
should be boiled before use, and filtered after cooling. 
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if iJiti six't'iim'ii 1m.' now examined, it will be foiiml that whilst the 
central mnss of Actinomyces! is colourless, tlie fungus threads ate 
staineil h niby-red. Bnmiielci^^ advocates etaJning with picro-carmine. 
In most coses, however, the character of this fungus con be determineil 
by ft simple microscopical examination. The physical quahties of the 
pus, and the discovery in it of groups of Actinomyces or the club- 
shaped degeneration forms of the parasite, are points which will aid the 
disgnosia. In particuLtr cases it may be necessary to resort to Grain's 
Blaining method, and to observe the minute structure of the ultimate 
threads of the fungus, as noticed above (comp. p. 352). Bujiriil^^ bus 
obtained pure cultivations of aetinomyces by means of Buehtier's^ method 
(p. 388). Seen with the naked eye, these bear a elose resemblance to 
cultivations of tiiliercti'-luicillui:. 



Km, 140.— Preparation (ivi 




rnlTTor and opea coodeuHflt 



5. Bacillns of OlanderB. — The specific micru-oigaiiism may be found 
ill the pus from the ulcerated nasal passages in glanders. The method 
described in connection with the examination of the blood (p. 46) will 
serve for its recognition here. 

Another method has recently been suggested (Liffier)."* An aniline- 
water-gentian-violet fluid or a concentrated rdcoholic solution of methylene- 
blue may be eni]>loyed, and immediately before use it is oilded to its 
own bulk of a (i : 10,000) solution uf potaali. In the fluid which results 
the cover-glass preparation is immersed fur five minutes. It is then 
removed and pliwed for a serond in a i jier cent, solution of acetic aciil, 
tinged slightly ysllow with oo-tropeeoliii. By means of another mLx- 
ture, containing two ilrops of concentrated sulphurous acid and one of a 
5 ]i«r cent, solution of oxalic lu-id in 10 cc. of water, the alkaline stain- 
ing fluid may be deiomiKiseil and the prejiomtion freed from colour. In 
this way the micro-oi^anienis are very beautifully steinnl, 

The bacillus of glanders may also infest tlie pus from an abscess. 
In any case, its chaniL'ter may usually lie sufficiently determint*d in 
stniued fip^eimetiH by means of the mirroscope. When necessary, how- 
ever, all doubt may Ik- rcniovwl liy olwcnHiig the resiUt of inoculating 
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animals with the microbe. In the intermediate process of cultivation 
certain characteristic properties are disclosed. When the various other 
micro-organisms which are nearly always present in the pus liave been 
eliminated by Koch's method (p. 385), the pure plate-<Jultivation crop 
made in nutrient agar-agar at 37° C. has the appearance of a greyish- 
white drop. The pure cultivation-product, when inoculated upon 
animals, as the mouse or guinea-pig, induces glanders. When engrafted 
on the potato and kept at a temperature of 35° C. the bacillus forms, 
in two or three days, a thin greasy coating of a brown colour. In 
coagulated blood-serum at a low temperature it develop after two or 
three days in the form of small scattered transparent drops which liave 
a colour very much the same as that of the serum. The fungus is 
readily cultivated in glycerine agar-agar ^^ and in nutrient milk-peptone.^* 
When allowed to rest for some time longer, the cultivations are said to 
develop spores, but this point is not established (Baumgarten).^'^ 

6. Bacillas of Anthrax. — Opportunity occiisionally offers of exa- 
mining the pus derived from a carbuncle in anthrax. The specific 
micro-organism is that described at p. 42. A certain familiarity witli 
its life-habits will often facilitate its recognition, esiwcially where it 
can be obtained only in very small numbers. The process by which 
these have been studied is in general the same as that employed for 
other pathogenic microbes. Thus the elimination of other forms is 
effected by Koch's plate (nutrient agar-agar and nutrient gelatine) 
and inoculation methods (see p. 385). When cultivated in a nutrient 
gelatine medium, the bacillus of anthrax develops in twenty-four to 
thirty-six hours, and forms minute points which are scarcely visible to 
the naked eye. With a lens the colonies are seen to be dark figures 
with an irregular undulating outline. Their peculiar shape Ijecomes 
more evident after the lapse of forty-eight hours, and later the culti- 
vation liquefies, and from the dark central ix>int it stretches in wavy 
strings over the entire surface of the plate. 

The fungus does not liquefy agar-agar. When cidtivated on steri- 
lised potato, it forms a whitisli-grey slimy patch of uneven surface, antl 
extending but a few millimetres from the sit^ of inoculation. Blood- 
serum cultivations foiiu a superficial coating of white colour. Nutrient 
gelatine test-tube cultivations take the form of delicate white threes 
much interwoven, and gradually liquefy the gelatine ; drop-cultivations 
of anthrax-bacillus in nutrient broth take the shape of long threads, in 
which, after a time, lustrous spots (spores) d(?v(^lop at regular intervals 
(comp. 1). 43). 

If the bacillus be imparted by inocidation to sucli animals as the 
mouse or guinea-pig, the imimals exhibit the symptoms of splenic fever, 
and the micro-organism may be obtiiined from their blood. ^ 
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7. Bacillus of Leprosy. — The nodes which are apt to form on various 
juirts of tlie skin and mucous membrane in leprosy occasionally break 
down and ulcerate, with the formation of an abundant thin pus. In 
this, as indeed in the growths of leprosy generally, large numbers of 
bacilli may be found (A, Hansen^ Neisser)^ They have the form of 
minute rods 4-6 a* long and i /tt in breadth, and have a close resem- 
bliince to the Iwicillus of tubercle (see p. 106). Like the latter, they 
stain in alkaline fluids, and are not bleached by subsequent exposure 
to acids. They are distinguished by the comparative readiness with 
which they stiiin, and by more easily taking up the colouring-matter 
from a simple watery solution of aniline dye.*^ For their detection in 
the pus a suitiible dry cover-glass preparation must be made (see p. 105), 
stained with Ziehl-Neelsen*s c^rbol-fuchsin fluid, and again decolorised 
in acid (best with nitric acid) alcohol. [Ehrlirh^Sy Weigeti^Sy and Gihifes' 
methoils also serve.] 

Meh'her and Odmann^^ claim to have proiluced leprosy in animals 
(rabbits) by inoculation Avith diseased tissue; and Bordoni-Uffreduzzi*^ 
to have cultivated the fungus from the spinal cord of lepers by inocula- 
tion in glycerine j>eptone-serum, glycerine blood-serum, and glycerine 
agar-agar. According to the latter, when cultivated by surface inocula- 
tion of nutrient suljstances, it forms ribbon-like cultivations Avith irregular 
lK)rders, and of a light-yellow colour. On glycerine agar-agar it develo|)s 
in small round wliitish-grey cultivations, somewhat elevated at the 
<*entre, thinned at the edges and having a jagged outline. 

[These statements need further confirmation. The attempt to culti- 
vate the bacillus of leprosy has been made without decide*! success by 
many pathologists both in England and abroad. Patrick Manson^ was 
one of the earliest to investigate the subject, and its literature includes 
iontributions by Campana^^ Kanthark and Barrlai/y^ Beavan Bake 
and Buckmaster,^ Stallaro*"^ and Byron.^ Di\ P. S, AbrcUiam, the 
Secretary of the English leprosy Commission, to whom the (»ditor is 
indebted for a i)ersonal communication, lias examined sjx^cimens of the 
cultivations obtained by some of these observers, and he is of opinion 
that they are growths of a micn>-organism of the skin which has nothing 
to do with leprosy.] 

8. Bacillus of Tetanu& — In view of the fact that the bacillus is 
found in the pus from wounds in castas of tetanus, and that much 
im|X)rtance attaches to its recognition, some description of it is required 
here.**-^ It occurs as delicate slender rods which have often a terminal 
.spi>r(*, and thus present the appearance of bristles (see fig. 141). Tliey 
stiiin with all the iuiihne dyes, and also \nt\\ Gramas fluid. To obtain 
pure cultivations from pus, the cultivations first derived, which contain 
fungi of different kinds, are heated to So** C. in a water-l>ath, for from 
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a half to one hour during a few days, after whiclr they are inoculated 
on gelatine plates to which 1.5 to 2 per cent, of grape-sugar has been 
added, and these are kept in a hydrogen atmosphere {Kitcisato^) at 
20-25° C. The resulting colonies are somewhat dense at the centre, 
with a more delicate and uniform periphery radiating from it. The 
preparation becomes fluid in time, and gas is evolved. 

If a pure cultivation be inoculated under the surface of gelatine, 
growth begins near the surface of the gelatine, and the resulting 
cultivation is marked with faint radiating strise, or sometimes as thorn- 
like processes projecting from it. Development is more rapid in agar- 
agar. After exposure of the bacilli for thirty hours to a temperature 
of 37° C. the spores already mentioned make their api)earance. 







Fio. 141.— Bacilli of Tetanus (pure cultivation^ Compensation eye-piece VIII., objective oil- 
immersion 1*2 Ztiss (ft-om Koch). 

9. Bacillus of Influenza. — R. P/eiffer^^ has found in the sputum, and 
cultivated, a definite micro-organism, which he believes to be charac- 
teristic of influenza. By Kilasato^^ it was cultivated to the fifth gene- 
ration in glycerine-agar, and Canon ^ has detected a similar fungus in 
the blood of those infected with the disease, and afterwards by means 
of cultivation-experiments established its identity with the bacillus of 
Pfeiffer and Ktiasato. Although the micro-organism has not yet been 
found in pus, it will be described here, both because its discovery was 
announced too late to notice it in its proper j)lace in this book, and 
also because it doubtless exists in the pus of those infected with 
influenza. 

According to P/eiffer, the l)acilli have the form of very minute rods 
of about the same thickness as those of mouse-septicsemia. They stain 
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well in L(>ttter\s methylene-blue fluid when heated (see p. 41), and also 
in dilute Ziehl-Neelsen fluid (p. 106). They do not stain with Gram's 
method. On glycerine-agar solidified obliquely, after twenty-four hours 
they develop the appearance of drops of water which require a lens to 
make them visible. The colonies remain seiwrate. For the detection 
of the bacillus in the bloo<l, acconling to Cawon, the latter is spread on 
a ct>ver-glas8 and dried in the usual way ; the cover-glass pre|mration is 
treated for at least five minutes with absolute alcohol, and is then put 
for three to six hours to stain in Chenzinskifs eosin-methylene-blue fluid 
(see p. 57).^ 

It is probable that the jmthogenic micro-organisms of pus include 
others besides those mentioned here. Reference may l>e made espe- 
cially to the interesting observations of Eppinrjer,^* concerning a new 
cladothrix which lias l)een found in al)scesses. 

3. Protozoa. — Little is known as yet as to the presence of these 
jKirasites in pus. KUnsfkr and Pitres''^ found numerous large spores 
ivith ten to twenty crc^scentic corpuscles in the pus from the pleural 
<uivity of a man. These bodies closely resembleil the coccidia which 
occur in the Ixxlies of mice (comp. pp. 89, 180). Litten^' ol^served cerco- 
monads in the puncture-fluid, derived i)robably from the lungs. Naase ^ 
has reported the presence of amoebae in the pus from a hepatic abscess. 

4. Vermes. — Filaria have been ol>8erved occasionally as occurring 
in the jnis of tropical abscess of the liver. ^^ In temperate climates also 
a1«cesses result from an invasion of hydatids, and in such cases the 
pus contains entire echinococcus cysts, or fragments of the membrane 
and booklets. Bahesiu ^ found filaria in the gastro-splenic omentum. 
They were probably the same as GrassCs^^ Filaria inermis. With 
these should be mentione<l the bodies resembling filaria which Sareani ^^ 
re|K)rts as found by him in the suppurating parotid of a woman. 

5. Crystals. 

1. Cholesterin. — Crystids of cholesterin are very rarely to be found in 
fresh jms -more commonly in thatderive*! from cold abscesses, and most 
abundantly in foetid discharges and in suppurating ovarian cysts. For 
their character and recognition the reader is referred to pp. 1 1 1, 203, 249. 

2. Hsematoidin. — This liody exhibits the same variety of form here 
as in the sputum, the urine, jmd the f feces (pp. iii, 195, 241). Its 
]>resence invariably jxnnts to a previous haemorrhage. It is si)ecially 
abundant in the case of suppurating hydati<l cyst*.*'*^* 

3. Fatty Needles. — These are of very many shapes and forms, occur- 
rinj; sometimes singly, and sometimes in grouj^ and clusters. They are 
the outcome of a degenerative i)roce8s, and show that the pus in which 
they are found has l>een hmg formed. Very i)erfect margarin needles 
may Ik* obtained fn»m gimgrenous pus (fig. 142). 
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4. Triple Phospliate. — Crystals of triple phosphate are a common 
constituent of the pus (see p. 248). Crystals of carbonate and of phos- 
phate of lime are also met with, and most commonly in foetid pus. 

m. CHEMIOAL EXAMINATION OF THE PUS.— It rarely hap- 
pens that much aid accrues to diagnosis from the chemical examination 
of the purulent discharges. The albuminous substances which may 
commonly be recognised are serum-albumin, globulin, and esi)ecially 
peptone {Hofmeister^) in large quantity. The latter is derived from 
the cells, not from serum. For the means of detecting these Ixxlies the 
reader is referred to p. 255. 

Fresh pus always contains glycogen, and traces of grape-sugar ai*e 
seldom wanting. In testing for the latter, the pus should l)e boiled 
^vith an equal weight of sodium sulphate, to free it from albumin, 
filtered, an<l the filtrate treated in the manner previously described 
(p. 274). 

In cases of jaimdice the pus may contain ])ile-pigments and biliary acids. 

Considerable quantities of nuclein, fats, cholesterin, and a number 
of inorganic salts, notably phosphate and chloride of sodium (Miescher, 
Naunijn ^% ai*e constantly to be found 

In three specimens of pleuritic exudation which he has investigated 
the author found abundance of acetone, and it would appear fi-om a 
private communication of Professors Baumann and Baiimler that that 
l)ody is commonly a constituent of pus. In another specimen sub- 
mitted to him by Dr, R. Paltauf whose attention had been attracted 
by the evident odour of acetone, it was foimd by the author to ])e plen- 
tifully present ; and the researches of others have shown that acetone 
is frequently i)resent in large proportion in exudation fluid. Foetid 
pleural exudation often contains sulphuretted hydrogen. The method 
for its detection is described at j). 327. There, as in certiiin forms of 
hydrothionuria, fungi possessing the j)roperty of liberating sulphuretted 
hydrogen may be isolated from the fluid. 

Guftniann^^^ found indigo-producing substances in exudations. The 
author has repeatedly established the presence of fatty acids, — acetic, 
formic, and butyric acids. Pus contains further a trace of uric acid and 
several xanthin leases. Much interest attaches to the occasional j)resence 
of guanin (v. Jah'sch).^' 

2. Skro-Purulent Exudations. 

Sero-purulent closely resemble the purulent discharges in their chemi- 
cal, physical, and morphological character. They are distinguished 
chiefly l)y the relatively smaller proportion of extractives which they 
yield. They invariably j)oint to antecedent inflammation. 
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3. Putrid ExtUATiosB. 
Diachnrgea of tliis character are brown or lirowniah-gre^n in colour, 
and have a penetrating and disagreeable odoiir. Their reaction is 
usually alkaline. l^Iicroscopically they exhibit much-shrunken leuco- 
. cytea and tin abundance of crystals, cliiefly of fat, and of eholesterin 
and lieematoidia in lesser giroportion. They also contain a profusion of 
fission-fimgi of different kinds (see fig. 136). 

4. H^HORRBAOic Exudation's. 
A hfemorrhagic exudation contains an abundance of red blood-cor- 
puscles', and often also a considerable quantity of dissolved hfemoglobin. 
Endothelial cells loaded with fat are almost invariably to be found, 
and vhen these occurring in pleuritic fluid exhibit the glycogen re- 
action in a marked degree, they favour the assumption of carcinoma 




— Pui from Putrkd Eiapysiu (afs-iili 



(Quineli-e).^ A positive diagnosis upon this point results from the 
further discovery of cancer-celle. 

In the absence of determinate (specific) elements, as cancer-cells, 
tubercle-bacillus, &c., no very definite conclusion can be drawn from 
the hfemorrhagic character of the discharge, since many different pro- 
cesses may be associated with the effusion of blood. Still, in the case 
of pleurilic Quid, vhet« scurvy and cancer of the pleura can be excluded, 
the apjiearances would point to tuberculosis. 

5. Serous Ekudationh. 
Fluids of this class are almost quite clear and more or less deeply 
tinged yellow; they coagulate on standing (for twenty-four hours), 
and yield a clot which is usually rich in fibrin. MicroBco]>ically they 
exhibit scaltei'ed red blood- corpuscles in usually fairly good preserva- 
tion, but sometimes much attenuated, a number of leucocytes, some 
fatty globules and endothelial cells, separately or in groups. In addi- 
tion to these are sometimes cells ranging from 7-30 m in diameter, and 
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formed of very small droplets. These may contain two or three large 
cavities (Bizzozero).^^ 

There is reason to believe that micro-organisms very frequently 
infest the serous exudations, but the subject calls for further elucida- 
tion. It would appear, at any rate, that fungi occur oftener in them 
than in the transudations which so closely resemble them in their 
physical and chemical properties. The fluid obtained from the pleural 
cavity in tubercle of the pleura with breaking down of tissue may 
contain the specific bacillus of that disease. In cases, however, where 
no discharge of tubercular matter has taken place into the pleural 
cavity, the tubercle-bacillus will not be found. 

Cholesterin crystals occur in serous discharges of old standing. 
Cliemically, serous exudation fluid contains serumralbumin and globulin, 
but no peptone. Sugar in small quantity is invariably present,"® and 
acetone from time to time. A notable fact is the frequent or i^erhaps 
invariable occurrence of uric acid in exudations of this kind. 

The density of the fluid is clinically a fact of much consequence. 
It may be estimated by means of a pycnometer, or with an accurate 
aerometer, regard being had at the same time to conditions of tempe- 
rature. The sp. gr. will usually be found to exceed 1.018 {Reu88)J^ 

6. Chylous Exudations. 

Peritoneal exudation is commonly characterised by the abundance 
of fatty matter which it contains. This also is especially true of dis- 
charges depending upon obstruction of the thoracic duct. 

The appearance of chyle, however, is sometimes misleading, since it 
has been shown that this character belongs in general to pathological 
fluids of low sj). gr., especially to such as owe their origin to passive 
congestion (F. A, Hoffmann),'''^ 

Boideiigier''^ draws a distinction between chylous and chylifomi 
exudation, limiting the first of tliese terms to the case in which chyle 
is actually discharged into the peritoneal cavity, while the second im- 
plies only that the fluid has the properties of chyle. Chylous effusion 
is very rich in fat. A specimen of chylous pericardial fluid wms found 
by Hasahroek''^ to contain 10 per cent, of the latter. 

For the discrimination of the difi'erent forms of pleuritic efl'usion, the 
bacteriological evidence is of much importance. "^^ Thus the absence of 
micro-organisms points to a tubercular origin when the exudation is 
purulent ; sero-fibrinous exudations are also usually free from fungi, and 
cases of empyema occur in which only Staphylococcus pyogenes is found. 
Exudations occurring in the course of pneumonia often exhibit FraenkePs 
pneumonia-coccus, and such have genorally a favourable termination. 
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In general it is a difficult task to determine whether a particular 
fluid effused into one of the cavities of the body is due to inflamma- 
tion (exudation) or to simpler obstruction (transudation). In such 
cases a probable conclusion may be based upon the specific gravity 
of the fluid (Mehu, A, Beuss).''^ A further point of interest in this 
connection is the fact that inflammatory fluids are relatively rich in 
fibrin (for the estimation of this body sec p. 270), and in dry residue 
products."'' 

B.— TBANSUDATIONS. 

Transudation fluids may be serous, sanious, or, in rare instances, 
chylous. Their sp. gr. is in general lower than that of inflammatory 
eflfusion into the same cavity. They are always alkaline, '^^ and for the 
most part of a yellow colour. 

^licroscopically they exhibit but few tissue elements — fewer than, but 
in other respects similar to, those of serous exudatioiL It should be 
noted that in serous pleuritic effusion a large quantity of endothelium 
is often detached. This must not be taken to imply endothelial pro- 
liferation in a new growth (carcinoma), unless blood be also present, 
when such an inference acquires additional support."^ Chemically, 
transudation products exhibit much albumin, and generally sugar.®® 
For the detection of the latter the process detailed at p. 274 may be 
employed. They are always free from peptone. 

Such fluids are distinguished from exudations chiefly by their low 
sp. gr. and the difficulty with which they coagulate. The distinction, 
however, is not easy to make in many instances.®^ 

The author would observe that in six specimens of transudation fluid and serous 
exudation, which were entirely free from blood-corpuscles and dissolved blood- 
j)ifnnent, he succeeded in separating no small quantity of urobilin. This body 
is commonly to be found in transudations and exudations, and uric acid is always 
present in them. In the transudation from a case of cirrhosis of the liver Moaea- 
trlli recently found allantoin.*^ For the detection of uric acid the process de- 
scribed at p. 71 may be applied. 

0.— CONTENTS OF CYSTS. 

The physician has often to decide whether a particular specimen of 
fluid withdrawn from the body by aspiration or puncture is inflamma- 
tory in its origin or due to passive congestion, and finally whether it 
is derived from a cyst. Such a question is least apt to arise in explora- 
tion of the pleural cavity, but in connection with abdominal symptoms 
it is fre<|uently very urgent to be able to give a definite answer. And 
this is not always easy ; at times, indeed, it is impossible. 

The cysts with which we have to do in this way are hydatid and 
ovarian cysts, and, in rare instances, cystic kidney and pancreatic cysts. 
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1. Hydatid Cysts. — The fluid obtained by puncture from a hydatid 
cyst is clear, alkaline, and usually of low sp. gr., i. 006-1. 010. It con- 
tains a small quantity of a reducing substance (grape-sugar), very 
little albumin, and abundance of inorganic salts, as sodium chloride.^"^ 
Succinic acid and inosite have also been detected. The microscopical 
appearances are very characteristic. Amongst these are the booklets 
(see also p. 109) and portions of echinococcus membrane, so readily dis- 
tinguished by its transverse striation and uniformly granular inner 
surface (p. 109, fig. 61). Scolices may also be seen, and are known by 
the two circles of booklets and four suctorial discs on the anterior aspect 
(head) and the sack-like hinder part, which is separated from the head 
by an annular constriction. If the cysts have suppurated or be filled 
with blood, as sometimes happens, chemical examination will usually 
throw but little light upon their character. An absolute diagnosis is 
possible only when booklets or shreds of membrane have been seen in 
the fluid. Consequently it is well to receive the latter in a conical glass, 
and to carefully examine the sediment for these bodies. 

Hydatid cysts often contain hsematoidin crystals (see p. 196). 

2. OvaPi&n Cysts. — The fluid obtained from ovarian cysts is re- 
markably variable in its character. 

It is generally to be distinguished from inflammatory and congestion 
fluids by its high sp. gr., which ranges from 1.020 to 1.026. Its 
reaction is alkaline, and it has little tendency to coagulate. 

It is further marked by the great abundance of tissue debris which 
it contains, and, from the nature of the cells which preponderate, 
information may be drawn as to the kind of cyst from which it has 
been taken. 

Instances, however, occur in which the fluid from an ovarian cyst 
shows nothing by which it may be known from that of ascites, and, 
exceptionally, it has a sp. gr. even lower than that of a transudation 
fluid. According to Schatz, Gusserow^ and Wesiphalen,^ a low sp. gr, 
with little albumin points to a cyst of the broad ligament 

When haemorrhage has taken place into the cyst, its contents may 
vary in colour from red to a chocolate-brown, and be very turbid. The 
microscopical examination of ovarian fluid shows a very variable quan- 
tity of red and white blood- corpuscles, and many forms of epithelium, 
squamous, columnar, and ciliated (fig. 143, a, b, c). These cells, how- 
ever, are rarely well preserved, but are for the most part far advanced in 
fatty degeneration, and often with difliculty recognisable. Colloid con- 
cretions (fig. 143, /), in all probability derived from epithelium, are 
invariably found in the so-called colloid cysts. 

Certain forms of ovarian cysts may be readily differentiated by a 
microscopical examination of their contents. Thus in dermoid cysts 
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may be seen, besides squamous epithelium, hairs, and crystals — choles- 
terin, fatty, and hreniatoidin. Chemical investigation, too, throws 
much light upon the character of an ovamii fluid. It will be found 
.as a, rule to contain albumin, and always metalbumin (paislbumin), 
and it is this body principally which renders it turbid and stringy 
(Hammargten). ^'' 

To Ted /or Metallmmin. — The fluid is mixed with three times its 
bulk of alcohol and allowed to stand for twenty-four hours, when it is 
filtered, the precipitate squeezed out, and suspended in water, which 
is again filtered. The filtrate is opalescent and has the following 
characters: — (a.) On boiling it becomes turbid, but does not form a 
precipitate. (Ii.) No precipitate forms with acetic acid, (c.) Acetic 
acid and ferro-cyanide of potassium render the fluid thick and impart 




Piu. 143.— Coi>lent»o(»iiOv»rt»nCjit(oj-B-pieoelII.,of)l«tiit 8«, Ibitket-i). 
K. aqiwmoui gpttbelliim cslli : b. CllUtHl splthslluin cclln : c. Calunmur epithsUuin mIIi ; 
<l. Vtiioui focmi dI tpirbtlkl hUi; (. Fia;«(nsm«sepltbcUiim «U*; /. Colloid 
bodlea ; g, Cbolotciln oriUlf. 

to it a yellow tint, ('/.) Millon's reagent, on boiling, yields a bluish- 
red,colour. {e.) Concentrated sulphuric and glncisl acetic acid yield a 
violet colour ^Adatntneieia). (/.) Huppert ** has pointed out that when 
the fluid containing metalbumin ie boiled with sulphuric acid it yields 
reducing substances, and this he regards as one iif its most characteristic 
properties. It must be noted tliat metalbumin is a constituent of other 
pathological fluids besides that of an ovarian cyst. These cysts, and 
especially dermoid cysts, also hold a considerable quantity of cholesterin 
in solution. Cystic fluids have been frequently shown to contain dias- 
tatic ferment in appreciable quantity.^' 

3. Cystic Kidney. — In all cases where a suflicienl specimen can be 
obtained, the fluid from a cystic kidney (hydronephrosis) may be at 
once identified on the ground of its chemical properties and microscopical 
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appearances. An important point is the presence of renal epithelium, 
and this should be carefully sought for. Then the determination of 
urea and uric acid in large quantity indicates a connection with the 
kidney ; but it must not bo forgotten that these bodies occur more or 
less plentifully in ovarian cysts, or may be supplied to them when they 
communicate with the urinary tract by an abnormal channel. 

It has been said that for the purpose of diagnosis the greatest signifi- 
cance attaches to the presence of epithelium from the urinary tubules ; 
and inasmuch as this usually occurs very sparingly in the fluid from a 
cyst, the latter after removal by puncture should be allowed to settle 
and the sediment carefully examined. Such of the clinical symptoms 
of cystic kidney as call for notice here are very various. P. Wagner ® 
observed that the urine is often scanty. Albuminuria and intermittent 
haematuria, symptoms of sufficiently vague import, also occur. 

4. Pancreatic Cysts. — The fluid from a pancreatic cyst is of low 
sp. gr. — 1.010-1.012 (Karewski^^), 1.022 (Hnfmeisier^), 1.028 {v, 
Jah'sch ^^) — and usually, though not always, has an admixture of blood 
In the author's experience the blood-pigment is in the form of methae- 
moglobin. There is also present abundance of cholesterin. Of proteids 
tliere is serum-albumin ; rarely mucin is found. Metalbumin is absent 
The fluid also contains diastatic ferment, but the fact has by itself no 
weight in diagnosis, since that body is very frequently met with else- 
where (see p. 205). It is only when the sugar resulting from its action 
is found to be maltose that any significance attaches to its presence 
(see p. 287). 

Such a fluid has the property of digesting albumin without the addi- 
tion of acid, and it is this property which lends itself chiefly to the 
purpose of diagnosis. To test it, according to Boas,^^ the fluid may be 
added to milk, and after precipitation of the casein the biuret test is 
applied. If the reaction is obtained, the fluid is shown to have the 
peptonising property, and it may be inferred that it is derived from the 
pancreas, since no other cystic fluid is known to dissolve albumin in 
alkaline solution. Of less moment is the property of such fluids to 
emulsify fat and to disengage carbon dioxide gas on the addition of 
acids. The importance of the characters here described is in most cases 
greatly impaired by the fact that the larger and the older the cyst, the 
less do its contents exliibit the physiological peculiarities of the pan- 
creatic juice {JVolfler).'^'^ It follows that where the clinical symptoms 
point to a cyst of the pancreas, it is not admissible to reject the inference 
on the ground that the fluid is devoid of the tryptic character, and to 
this extent the diagnostic value of these cheniico-physiological observa- 
tions is necessarily curtailed. 
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D.-THE SECRETIONS FROM FISTULJE. 

Where these consist of a purulent, or simply serous fluid, discharging 
through an unnatural outlet, their diagnosis may be based upon the 
considerations already dealt with under the headings Transudations and 
Exudations. A greater, or at least, at present, a more physiological 
interest attaches to the appearances in those cases where fluids are dis- 
charged by an unnatural opening, which might be assumed to communi- 
cate with the intestine, because the fluid closely resembles the intestinal 
fluid in its physiological properties, while fuller investigation shows that 
it is derived from cavities lined by secreting glandular epithelium. 

The author has analysed the secretion from a case of this kind which 
Professor WolJIer observed and operated upon. The fluid had an acid 
reaction, and contained albumose and peptone in considerable quantity, 
pepsin, and a ferment which changed maltose into grape-sugar; no 
diastatic ferment.^ 

The maltose employed in this research gave Trommer's reaction only very 
faintly (see p. 274). When it acted upon the secretion at 40"* C, both lYommer's 
and Nylander's tests gave positive results. 

Small quantities of free hydrochloric acid were perhaps also present 
— the Congo-red and benzo-purpurin tests gave feeble results — but there 
was no sugar, urea, bile-pigment, or urobilin. Of inorganic salts there 
were chlorides. 

From this statement it appears that the fluid in many of its characters 
resembled the mixed secretion of the intestinal tract. 



CHAPTER IX. 

THE SECRETIONS OP THE GENITAL ORGANS. 

I. THE SEMINAL FLUID. 

1. Naked-Eye Appearances of the Semen.— The seminal fluid 

is a thick, white, and somewhat opaque fluid, of slightly alkaline reac- 
tion. It is tolerably tenacious, and resists the pressure of the cover- 
glass. It owes this property to the presence in it of a gelatinous 
substance, which, under the microscope, appears to be hyaline, and 
encloses innumerable cavities of various sizes. The semen has a peculiar 
odour, which is derived, according to Furbringtn;^ from the prostatic 
fluid, and depends upon the large proportion of compounds of Schreiner's 
base (aethylenimin) (see p. no) which it contains. 

2. Microscopical Examination of the Semen.— The sperma- 
tozoa, which are to be seen in great numbers in the semen, are thread- 
like bodies about 50 fi in length, and provided with a head 4.5 /a long, 

and compressed in one plane, so as to appear club-shaped wlien seen 
from the side. They exhibit very lively movements, but their motility 
is rapidly destroyed by the addition of water, drying, &c. They are 
present only in semen and in fluids with which the latter is mixed, and 
obviously they may possess a great interest in the diagnosis of certain 
morbid conditions. It may happen that the physician will have to 
examine tlie semen to settle a question of sterility. A persistent 
absence of spermatozoa (azoospermia) will show that the individual is 
incapable of procreation, and this may occur whilst the other signs of 
sexual power are retained. Of forty cases of sterile marriages, Kehrei' - 
found that azoospermia was the cause in fourteen. It is very impor- 
tant to distinguish the persistent condition from the temporary absence 
of spermatozoa, which occurs as a result of excessive and repeated inter- 
course. Under such circumstances the fluid ejaculated consists almost 
entirely of prostatic secretion {Filrhriagei')? 

Ill addition to spermatozoa, the semen exhibits certain cells — large 
and small, finely granular testicle-cells, with one or more nuclei — some 
columnar and squamous epithelium, a few large round hyaline bodies, 
lecithin corpuscles, and stratified masses of amyloid substance, which 
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are finely granular within, aud usually enclose a ceutml kernel — these 
ore derived from the prostatic secretion ; and, finally, a few leucocytes — 
which usually have two nuclei — and spermatic crystals. Some red 
blood-corp<i:M:les may also be Been. 

Certain pathogenic micro- organisms, and especially tubercle-bacillos, may lie 
present in ttie secretion from the genital tract. They are usually discharged with 
the urine. The seat of the disease may be determined in such cases by other 
signs, as swelling of the testicle and epididymis, tc. (comp. p. 236). 

In some pathological conditions the semen may be coloured a chocolate- 
brown from the presence of a quantity of amorphous blood-pigment 
This happens csi)ecially in old people and in persons who have often 
suffered from orchitis. 

A very particnlar interest attaches to the spermatic crystals. lu their 
appearance and chemical properties they very closely resemble the 
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crystals which have been already described as occurring in the blood, 
sputum, and fteces (see p. no). Fiirbrtnger has sho^vn that while the 
basic compound is derived from the prostatic fluid, the phosphoric acid 
combined with it is furnished by the other component of the semen — 
the spermatic or testicular secretion. The ctystals form immediately 
and in great abundance, when a i per cent, solution of ammonium 
phosphate ([NH^jjHPOJ is added to the pure prostatic fluid, and their 
presence in large numbers, therefore, under all circumstances, indicates 
prostatorrhoea (see p 366). 

It follows, therefore, tliat snch crystals are not characteristic of the 
semen, and the admixture of that secretion with some fluid or in a dried 
discharge can be established only on the discovery of spermatozoa. For 
this purpose, when dried, they must be dissolved out in water from the 
discharge containing them. 

3. Chemical Examination of the Semen. — But little informa- 
tion can be derived in this way. According to Miefher, the funds- 



368 SECRETIONS OF THE (JENITAL ORGANS. 

mental constituent of spermatozoa is nuclein. Globulin and serum- 
ftlbumln have been fonnil in the semen, and it is very rich in inorganic 
subBtances. Posner* asserts that albumose ia alBo present. 

U— SECRETIONS OF THE SEXUAL OBQANS OF THE FEMALE. 
1. Mammary Secretion (the Milk).— During the entire period of 

gestation, end especially from the third month of pregnancy onwards, 
a thin, whitish, and more or less turbid flnid may be obtained by piessare 
from the breast This is a fact of great importance, and the existence 
of such a secretion is by itself strong evidence of pregnancy. 

The fluid in question, when examined microscopically, presents in 
the first place a great number of strongly refractive bodies of very 
irr^pilar size. These are called colostrum-corpuscles ; they are fatty 
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in character, and arc usually aggregated in groups. In addition to 
these are to be seen a few leucocytes and some epithelial cells from the 
inner surface of the ducts. 

Immediately after confinement the colostrum-corpuscles disappear 
from the milk, and eight or ten days after parturition are no longer 
to be found. Gemij '■' supposes that colostrum-corpuscles are lymphoid 
cells whose function it is to take up and alter the unused railk-globulee, 
which they then transfer from the acini of the gland to the lymphotics. 
In their place is seen a profusion of fatty globules of irregular dimen- 
sions, and together with these certain particles (^ItopjJe-Seyler) which 
consist of casein and nuclein. 

In diseases of the breast, and especially in cases of abscess and 
inilammation during suckling, the milk is apt to exhibit an inter- 
mixture of leucocytes. 

Micro-organisms occur in the secretion in connection with certain morbid 
states. Thus Em-herich^ found fungi in the milk of a woman sufler- 
ing from septicaemia, and these on cultivation proved to be pathogenic 
Pathogenic Staphylococci have also been isolated by Koch's cultivation- 
process from tlie milk of a woman with facial erysijiclas (Kar/ins/ci).' 
Similarly the author has detected micro-organisms, and especially cocci. 
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which stained by Gram's method, in the milk of a patient with puerperal 
septicaemia.^ Further observations on the presence of fungi in human 
milk have been published by M, Kohn and H, Neumann,^ 

From observations which the author has made, it would seem probable 
that tubercle-bacillus also is occasionally present. The matter deserves 
further notice. 

The milk of some of the lower animals has been known to be infested by non- 
pathogenic micro-organisms (Bacillus cyanogenus and Micrococcus prodigiosus), 
from which it may derive an abnormal blue or reddish tint {Neelsen, Hueppe)}^ 

The chemical constitution of the milk varies under different condi- 
tions both of health and disease. The milk of sick women is generally 
less rich in fat, and the proportion of lactose is diminished. Neither 
bile-pigments nor biliary acid have yet been satisfactorily demonstrated 
in the secretion of jaundice (r. Jaksch)}^ The albuminous constituents 
of human milk are serum-albumin, casein, and nuclein. In also contains 
milk-sugar and fats. For the detection and estimation of the latter, the 
method described for the same purpose in the chapter on urine may be 
employed. Special processes for the quantitative analysis of the milk 
may be found in Hoppe-Seyler's work. 

The examination of the milk of wet-nurses is a point of practical 
interest for the physician. It should be tested carefully as to its naked- 
eye and microscopical characters, and in all cases chemically analysed. 
In addition to this, information may be derived from the employment 
of the bacteriological methods. And it is highly expedient that the 
milk, whether of healthy or diseased women, should be submitted, 
wherever possible, to Koch's plate-cultivation processes, so as to ascer- 
tain the absence of fungi. 

2. Vagfinal Secretion. — This, under ordinary circumstances, is a 
thin fluid with an acid reaction. It contains a few large leucocytes, 
each with a single nucleus, and squamous epithelium cells, which, for 
the most part, are covered with microbes. In vaginal catarrh the 
number of leucocytes is greatly increased, and some red blood-corpuscles 
may be visible. 

In cases of ulcerating carcinoma implicating the vagina or the vaginal 
portion of the uterus, a copious foetid discharge takes place, and in this 
the characteristic large cells of cancer may be found (fig. 146). 

Hausmann ^- detected fatty needles in the vaginal mucus. 

Among the parasites which have been found in this situation are : — 

1. Teast and Fission-Fongi — Various fungi belonging to these classes 
infest the vagina. Thrush-fungus vegetations also have been seen there. 
The vaginal secretion normally (Winter ^'^) and during confinement 
{Dodeiiein and Samm-hin ^*) contains fission-fungi, as, e.//., Staphylo- 

2 A 
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coccus pyogenes albas aureus and citreus Finally it is Bometimes 
important to examine the secretion for tubercle bacillus and gonococci 
by the prescribed tuefhoda 

2. Trichomonas Vaginalis — This parasite is an tufusonum of oval 
shape, and about lo m in lengtb It has a long caudal appendage, three 
flagella, and a lateral row of cilia 

Of tlie chemical constitution of the vaginal mucus little is known. It 
has been said to contain tnmethylamm (Hilr/er) ' 




3. The Uterine Secretion. 

1. UesBtroatioiL — At the outset of menstruation there is an increased 
discharge of v^inal secretion. Later on there is mixed with this an 
abundance of red blood- corpuscles and prismatic epithelial cells laden 
with fat from the interior of the utenis. The proportion of blood-cells 
begins to diminish after a few days, and leucocytes preponderate towards 
the close of the period. At this time also epithelium and a large quan- 
tity of fatty detritus are discharged. 

2. The Lochia. — Tlie fluid discharged during the first few days after 
parturition is thin and of a red colour. In addition to red and white 
blood -corpuscles it exhibits uterine and vaginal epithelium. Later, 
whilst the red corpuscles diminish in number, the leucocytes and epithe- 
lium increase, and the discharge assumes a grey or even white colour. ^^ 
Microbes are always plentifully present, even in the absence of aepti- 
csemia. According to Dodei-lein,*' healthy lochia are free from fungi, 
while in disease he found them without exception to contain Strepto- 
coccus pyogenes. These statements are confirmed by Thomen.*^ 

A point of special importance in diagnosis is the examination of the 
uterine secretion for the pathogenic fungi, to which reference has been 
already made. The secretion may be removed for the purpose hy means 
of a tampon. 



CHAPTER X. 

METHODS OF BACTBRIOLOQICAL tRESBABGH. 

The ^reat practical importance which this subject has acquired of late 
makes it necessary that the physician should be familiar with the pro- 
cesses for ascertaining the presence of micro-organisms. 

In all cases where micro-organisms may be the exciting cause of 
disease, his first task will be to detect them in the secretions or natural 
fluids l)y means of the appropriate methods for staining them. 

When this is done, it remains in many instances to discover the 
micro-organisms in particular situations, cells or tissues, so as to exclude 
a mere misleading coincidence. 

Further, the micro-organisms are to be cultivated outside the system ; 
60 that, where their morphological character and their behaviour to 
staining substances are not sufficiently distinctive, the requisite infer- 
ences may be drawn from their mode of growth and development. 

Finally, it is possible by experiments upon animals to settle definitely 
whether the transmission of a pure cultivation of the micro-organisms 
will produce symptoms more or less closely resembling those attributed 
to their agency in man. 

The staining methods at our disposal and the perfection of our optical 
instruments in many cases render the detection of micro-organisms easy, 
but their cultivation and the transferring of them to animals is often 
very difficult. Tlius in the case of many diseases, micro-organisms have 
been discovered under such circumstances as to leave no doubt that 
they were the exciting cause, while every effort towards their cultiva- 
tion and transmission to animals has failed of success. This, however, 
has been achieved in the case of a number of pathogenic fungi, as, for 
instance, the bacilli of glanders, anthrax, tubercle, cholera, leprosy, and 
probably of typhoid fever. 

It is no longer necessary for diagnosis to pursue the inquiry in every 
instance through its entire course (detection, cultivation, and transmis- 
sion to animals) ; but in some diseases, as tuberculosis, it is sufficient 
to note the characteristic effect of staining substances. In others, 
again (as relapsing fever and, occasionally, anthrax), a simple micro- 
scopical examination will serve, without the application of staining 
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processes. In doubtful cases of anthrax, the diagnosis may be settled 
securely by the direct transmission of the blood to animals. 

With reference to Asiatic cholera, the mere detection of the fuiigns 
in the stools is never sufficient, but it must be isolated by Koch's 
cultivation methods, when it will be recognised by its mode of growth* 
With the progress of science we may learn to know a definite fungus 
as the cause of each of the infectious diseases; but even then, when 
all the conditions indicated above have been complied with, our labour 
will not have ended. It will remain to extend our acquaintance with 
the life-history of the parasites, so as to determine the sources of 
nitrogen and of carbon and the inorganic salts upon which they depend 
for their growth. It is only when this is done that a secure foundation 
will be laid for a system of rational therapeutics.^ 

A short account will be given here of tlie methods employed in such 
researches. It will naturally begin with a description of the apparatus, 
and in the first place of the microscope. 

L-THE MICROSCOPE. 

The shape, size, and adjuncts of the body or stand of the microscope 
itself are in general of little moment. Habit will determine, in most 
cases, whether the tube used shall be worked by a screw or with the 
hand. For the examination of plate-cultivations, however, the former 
will be chosen. Neither is it essential that the stand should be jointed, 
but it 18 absolutely necessary that it be faultless in its constiiiction. It 
must also be capable of culjustment for use with the most powerful objectives, 
and mth an Abbess condenser or equivalent arrangement. 

The stage must be sufficiently large and firm, and the opening in it 
as large as possible, so tliat a plate-cultivation, for instance, may be 
inspected easily with a low power. 

For bacteriological investigations, as has been already observed, an 
Abbe\s or other condenser adjusted movably to the microscope-stand 
is needed. The principle of such an instrument is this; The rays of 
light reflected from the mirror of the microscope arc passed through 
the principal axis of a lens interposed between the mirror and the 
objective in such a direction tliat they fall upon the object, which thus 
receives a cone of light as highly concentrated as possible. If narrow 
diaphragms be introduced bctv/een the mirror and the collecting lens, 
an illumination of the image is obtained similar to, but probably some- 
what more intense than, that where narrow cylindrical diaphragms are 
used. The edges of the image are in all cases well defined, even in 
unstained preparations, and such a condenser may be employed with 
advantage for histological work. If the diaphragms be removed and 
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an open-condenser light consequently employed, the outlines disappear 
and become entirely undistinguishable {Koch)r Under these circum- 
stances nothing else can be distinctly made out with uncoloured pre- 
parations. With stained preparations, however, it is far othervrise, 
and in this lies the valuable application of the open-condenser light as 
discovered by AV//. The outlines, in so far as they depend for their 
appearance on a distinction in the refractive properties of the object 
(corresponding to a structural difTerence amongst its parts) and those 
jiortions Avhich are but lightly stained, are lost to view, while the 
deeply-stained particles, as the coloured nuclei of cells (granulations), 
and especially fungi coloured with aniline or other dyes, become more 
exquisitely defined. In this way micro-organisms may readily be seen 
and recognised, even when very sparsely present in a preparation. 'Hie 
apparatus is imlispemahle for Jjocterioloffifal research * 

In addition to a suitable stand and a condenser, good objectives are 
iiooiled. 

First a weak objective, magnifying about 60 to 80 diameters, ior the 
inspection of plate-cultivations; and in addition it is very advanta 
geous to have a good powerful dry objective. There are many objects, 
as fresh blood, fresh milk, or fresh pus, for the examination of which 
immersion-lenses are not suitable. For such purposes Zeiss's lenses F 
or D, or Reichert's 8a, may be recommended. With these, especially 
if a condenser be also used, many bacteriological preparations, as those 
of tubercle-bacillus from the sputum, may be adequately investigated. 
For very delicate preparations, and in particular where minute details 
of structure are to be made out, an immersion-system is needed. The 
water-immersion systems, formerly much in use, have been superseded 
of late by the oil-immersion (homogeneous immersion) lenses made by 
Stephenson and Abbe and Zeiss, which are to be preferred on account 
of the better <lefinition and clearness of the image which they produce. 
Instead of water, there is interposed between the front lens of the 
objective and the object (cover-slip), a fluid having the same refractive 
index as glass. For this purpose a mixture of fennel- and castor-oils 
may be used. Keichert employed with his lenses a mixture of vase- 
line and olive-oil, which has the advantage of being odourless, and of 
]>enetrating less readily within the lensea At present concentrated 
cedar-oil is most in use. Such a system has the further advantage 
that it does not require correction -collars to be used, as do dry lenses, 
and that powerful eye-pieces may be employed with it. It is very 

* The beat reaultu are i>btained with the instruments supplied by Ilartnack (Pots- 
dam), SciUrt and Krafft (Wetzlar), L(Uz (Wetzlar), and especially by Zeiss (of Jena). 
C. Rticheri of Vienna supplies with his little microscopes IV. and V. a condenser 
which ix very suitable for clinical purposes. 
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advantageous also to place a drop of oil oa the under surface of the 
slide which carries the object, between this and the collecting lens of 
the condenser. 




C»f less moment is the choice of un eye-piece. In gnneral, for every 
form of investigation, except baoteriologicnl research, eye-pieces of low 
magnifying power slioutd be taken. For the rest, the eye-pieces II. 



aU < 
excellent* 

An odjectiv 
of Jenn. It i: 
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Bupplied by tbe firms of Reichert and Zeiss will serve for 
The periscopLC eye-pieces of 8eibert and Kralft are very 



e of crown- and Sint-glnss was first adopted by Dr. Schott 
s an admirable conlrivaiice, and has become indispensable 
in photographing micro^)^ganism8, where a well- 
defined achromatic outline is required. Zeiss has given such the name 
of apochromatic objectives. The correspnmling compensation eye-pieces 




should be used with tliem. Their chief advantage lies in tbe fact that 
they give a clear and well-delincd image with eye-pieces of greater 
strength tliau cuuht formerly bo used. Apochromatic objectives of 

* The aathor hks for muiy years i/mployed an inttrunient uixle bjr Reichert, and 
he has fuutiil it ^l "crve well in every kind of microneopioal work, hi«t<ilogic»l and 
bacteriological. Ila part* are ai (oIIiiwb :^E;e-pieci;i II. and IV., objectives 4, Sa, 
and nil-immunicin ^ : a amnll ttand with cundenier (.\bbe'a) and cylindcr-diaphrngni, 
It» price wa» Z07 florin* without the oil-immeniun, which cost 107 florint. ^'eri- 
g:nod and ineipenilvc nyitema of leiiiei are also mode by Pliml of Vienna. 
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excellent conslnictioii are supplied by Keichert. The images of the 
most (lelicatu objects ubtatntNl with Keichert's liurangeneouB immersion 
objective of 2 mm. f<>cnl lengtb, and even with Ihu working eye-piece 
13, are cleur and distinct in their smallest dcUtila, Tliere is one dia- 
nilvantage attending the use of these lenses. Tliey need a tiner 
ailjustment than the usual roeubanism affords, and tlie image becomes 
indistinct wilb the slightest mnvcmeiit uf the instrument. It has theu 




Iris diupbi 



to bo fouu^scd anew. Tliis defect is apt to produce misleading appear- 
ances, and it uiust be admitted tbat the otherwise excellent Rpocliro- 
niatic objectives supplied by Zeiss are so far in need of improvement. 

[For bacteriological work, it is convenient 'to have a microscope wlUi 
a stand to which an Abbe's condenser can be lixed under the stage 
Fig. 147 shows a convenient fonn made by Reicbert of Vienna. 
makars furnish somewhat similar stands. Abbe's condenser ia plane 
under the stage, and the tube of ilie microscope is provided with i 
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*• revolver " or " nose-piece," to which lenses of different magnifying 
powers are fixed. 

In an Abbe's condenser (fig. 148) the illumin«iting apparatus is a 
condenser system of very short focus (the section of the lenses is shown 
in fig. 149), which collects the light reflected by the mirror (Sp) — the 
l)lane side of the mirror being used — into a cone of rays of very large 
aperture, and projects it on the object. For ordinary work the cone 
of light is reduced by means of diaphragms, the most convenient form 
being that known as the " iris diaphragm," wliich can be adjusted to 
any size (fig. 149, d). Oblique illumination can be obtained by placing 
the diaphragm eccentrically, which is done by means of the rack-and- 
l)inion movement (e). 

Wlien very exact definition is required, apochromatic lenses are 
employed. They are expensive, but the objectives are so constructed 
as to secure the union of three different colours of the spectrum in one 
point of the axis. The images projected by them are nearly equally 
sharp with all the colours of the spectrum. As there is very great 
concentration of light by these objectives, they permit of the use of 
very j)owerful eye-pieces, thus giving high magnifying power with rela- 
tively long focal length. A series of comi>e7isathig oculars are used 
Avith these lenses. The eye-pieces of extremely low power are called 
" searchers," while the ordinary or working eye-pieces, beginning with 
a magnifying poAver of 4, are classified as 4, 8, 12, 18, and 27. With 
these eye-pieces great magnifying power is obtained, partly by the lens, 
but also by the ocular used.] 

n. THE DETECTION OF MICBO ORQANISMS. 

In many cases the object to be examined may be placed under the 
microscope Avithout preparation of any sort. The cliaracteristic micro- 
organisms will then become visible. This is so with the spirillum of 
relapsing fever, anthrax-bdcilli in the blood, kc. For the most part, 
however, special processes are necessary for the detection of micro- 
organisms. The details of some of the processes for the prepara- 
tion of specimens have been gone into in the chapters on the Blofxi, 
Sputum,- S:c., which the reader Avill consult for information concerning 
them. 

It will not be out of place if we give here a brief summary of the 
methods in use, and point out the particular purposes to which each is 
applicable. The principles ujwn which all of them are based were 
Avorked out by AV//, Ehrlich, and Weigert ; and almost every day some 
neAv process or a modification of the old familiar methods is made 
known. It would far exceed the limits of this book to attempt an 
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account of all the methods which have been suggested, and the various 
modes of applying them. We shall confine ourselves to what has 
appeared in the more important and systematic essays dealing with the 
subject Those of Giintlier'^ and Unna^^ especially the latter, com- 
prise an accurate and exhaustive account of the methods for staining 
fungi. Particularly good results in the staining of micro-organisms in 
sections, which, however, lies beyond our province, have been obtained 
with Kiihne^s ^ processes. They have been tested by Rilley a pupil of 
the author, and have beeii found most valuable for dry cover-glass 
preparations as well The methylene-blue method^ and KiUme^s'* 
modification of Gram's method (staining with alcoholic solution of 
Victoria-blue) are very serviceable in the examination both of sections 
and of the secretions. 

In the examination of the blood and secretions for pathogenic micro- 
organisms it is in general best to proceed with the use of basic aniline 
dyes as described at p. 40. Should it happen that no result is obtained 
in this way, greater certainty may be secured with Loffler's method 
(p. 41), which is especially suitable for detecting the bacilli of typhoid 
fever and glanders, and, finally, Avith Gram's method (p. 41). All the 
fungi hitherto discovered stain with this, except the bacUH of typhoid 
and cJwleray and gonocorei. The bacillus of hen-cholera is also un- 
afTected by it. 

Giinthers method (p. 45 ), is very serviceable for staining the spirillum 
of relapsing fever. The investigation of the blood and secretions for 
tubercle-bacillus should be carried out precisely in the manner laid down 
by Koch and Ehrlich (p. 105). Staining with basic aniline dyes serves 
well for the detection of fungi in the buccal cavity, the nasal secretion, 
and the gastric contents ; but for examining the buccal secretion Gram's 
or Giinther's method may also be adopted with advantage, since they 
render visible the very delicate Spirochaete buccalis (p. 81) and capsulo- 
cocci. 

In searching for the fungi of the alimentary canal, pathogenic and non- 
pathogenic, all the processes hitherto mentioned should be employed 
where a thorough investigation is aimed at, and the observer should not 
forget to add a little iodo-potassic-iodide solution to a drop of the fluid 
under examination (see p. 171). 

In examining the urine, the best results are secured with Gram's or 
Friedlander's method (p. 108). By their aid the author has detected in 
various specimens of urine from persons both in health and disease an 
unexpected profusion of different forms of fission-fungi. 

The micro-organisms which occur in pus stain most readily with Gram's 
method, or its modification already referred to (Victoria-blue). Loffler's 
and Friedlander's methods are applicable to the same purpose. 
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To stain the spoi'es of micro-orgauisms a preparation is made in the 
manner indicated at p. 40, but exposed for a longer time to the heat. 
It may be passed through the flame about ten times (Hueppe),^ "When 
this is done the bacilli lose their staining properties, whilst the spherical 
objects, if they consist of spores, take up colouring-matter. It is still 
better to employ the process of double staining. The preparation is first 
stained in a hot Ziehl-Neelsen fuchsin solution, then decolorised with 
nitric acid, and again stained with methylene-blue. The spores then 
appeal' red and the bacilli blue.^ 

Special processes have been devised for the purpose of defining the 
flagella which some bacteria present These have been worked out by 
LafleTy Kiinstler, Neuhaus, and Trenkman,^^ As a mordant Loffler 
employs a fluid composed as follows : solution of tannin (tannic acid 20 
parts, water 80 parts) 10 cc. ; a cold saturated solution of ferric sulphate, 
5 cc. ; watery or alcoholic solution of fuchsin, methyl-violet or wool- 
black, I cc. The staining- fluid is neutral saturated anilin-water- fuchsin 
solution. The method of proceeding will be described here. The cover- 
glasses are heated with concentrated sulphuric acid, washed with water 
and then with a mixture of alcohol and ammonia in equal parts, and 
afterwards polished with a cloth which should be free from grease. 
They are then brought in contact with a platinum needle carrying a 
particle of the pure cultivation, and the latter is spread out finely and 
divided upon their surface, after which they are allowed to dry in the 
air. They are next grasped between the fore-finger and thumb of the 
observ'er and passed through the flame of a lamp. A drop of the 
mordant is now supplied to the preparation, the cover-glass is again 
warmed, and after a minute the preparation is rinsed first with water 
and then with alcohol. A drop of the staining fluid is next added, and 
the preparation is heated and washed with water as before. 

m. CULTIVATION OF MICRO-ORQANISMS. 

A, Methods of Sterilisation. — When the presence of micro- 
organisms has been ascertained with certainty by the processes described 
above, the next task is to secure their development outside the system, 
in other words, to cultivate them. To this end the first requisite is 
the means of sterilisation. Tlie essential condition that must be secured 
in all such cultivation researches is the absolute, freedom of the instruments 
and vessels employed from fungi and germs capable of development. 

In the case of metallic instruments, the necessary cleanliness may be 
attained best and most readily by raising them to a red heat in the 
flame of a Bunsen's burner. Glass vessels, sucli as test-tubes, flasks, 
<&&, should be purified as far as possible by washing first with distilled 
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water, then with corrosive sublimate solution (i : 1000), and rinsing 
out with alcohol and eether, after which they may be sterilised in a dry 
heat This can be done best by a sterilising apparatus for temperatures 
over 200** C. ; but if such an apparatus cannot be had, it may also be 
done by heating the vessels cautiously over the flame of a Bunsen's 
burner. In the latter case they should first be carefully dried, in order 
to prevent the glass from cracking, and the mouth of each should be 
closed with a compact plug of sterilised cotton-wool before heat is 
applied. 

It is very important to heat the sterilised vessel again immediately 
before using it, having previously ascertained that the plug is at once 
sufficiently compact and easily extracted. 

The plug may be made of fine glass-fibre, or, still better, of asbestos, instead 
of cotton-wool. 

Test-tubes which are to be held in readiness for use are purified in the 
manner described, fitted with a plug, and then placed in wire baskets, 
and sterilised in a dry heat. 

The sterilisation of the nutrient fluids presently to be mentioned 
may be effected by boiling th^m in glass flasks furnished with a plug 
of cotton-wool in those cases where the constitution of the fluid is not 
altered by heat. To sterilise nutrient gelatine and agar-agar solution 
(see p. 383), these substances are repeatedly boiled in the vapour steri- 
lisation apparatus. Too frequent, and especially too continued, boiling 
should be avoided in the case of these two substances, lest they should 
remain fluid after cooling. 

"When potatoes are employed as the nutrient substance, they are first 
freed from sand with a brush, })laced for an hour in a 5 per cent, corrosive 
sublimate solution, finally sterilised (boiled) by steam at boiling-point, 
and cut into strips with a sterilised knife. AVherc the vapour steri- 
lisation apparatus devised by Koch cannot be had, a Papin's digester 
with a perforated tray will serve. It is more difficult to sterilise those 
nutrient substances that will not bear a heat of 100** C. without their 
parts coagulating and so becoming opaque. In their case, Koch recom- 
mends that they should be sterilised by intermittent heating. This 
j)lan is especially useful for the purpose of freeing blood-serum from 
fungi and germs. 

To prepart* sterilised blood-serum, Koclt proceeds as follows: — ^The 
j»art of the animal's skin through which the blood is to be taken is 
shaved, and thoroughly cleansed by washing it with solution of corrosive 
sublimate, alcohol, and aether. The underlying blood-vessel is freely 
exposed, and opened with sterilised instruments. The blood is then 
made to flow directly from the artery into a sterilised glass cylinder, 
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which is filled to the brim and placed in a refrigerator or upon ice for 
twenty-four to forty-eight hours, so as to allow the corpuscles to settle. 
The clear amber-coloured serum that has separated after twenty-four 
hours is drawn off in sterilised pipettes and placed in test-tubes pre- 
viously sterilised in the manner already indicated. These are heated 
to 58° C. for two to six hours, and finally the serum is made to 
coagulate by heating it to 65 "-68'* C. 

With a view to obtaining the largest possible inoculation surface, 
it is desirable to procure the coagulation of the fluid in the test-tube 
with its surface inclined very obliquely to the latter. This end may 
be attained by using a tin vessel with double walls between which water 
may be retained, covered on top with a plate of glass, and having at 
its anterior end two movable feet which can be fixed by screws. Or 
instead of this the test-tube may. be fixed by a clamp at an oblique 
angle in a pot filled with water. For many purposes, and especially for 
the cultivation of the pathogenic fungi occurring in man, human blood- 
serum should be employed. To procure human serum the author has 
adopted the following plan : — The skin is first thoroughly cleansed in the 
manner already described, and a puncture is made in it with a cupping- 
blade previously sterilised by exposure to a heat of 200" C. The blood 
is taken in a cupping-glass similarly sterilised, and poured into small 
test-tubes also sterilised. The remainder of the process is carried out as 
before. Human serum has proved, in the author^s experience, to possess 
notable advantages over that of animals. It remains clearer after coagu- 
lation, and is firmer. Where human blood-serum cannot be had, transu- 
dation fluid or serous exudation may be taken instead. In that case it 
is prepared in the same way as the former. A very useful modification 
of the process for the preparation of blood-serum and of bloo<l-serum 
plates has been devised by Unna,^^ To the blood-serum of the calf, 
peroxide of hydrogen is added drop by drop, until the mixture, which 
was at first a brownish-yellow, becomes clear. For this purpose, a 
quantity equal to about half the volume of the serum will be required. 
The mixture is neutralised with a 2 per cent, solution of sodium car- 
bonate and passed through a wet filter packed to one-fourth of its depth 
with well-calcined diatomaceous (Kieselguhr) earth. The fluid which 
first passes through is usually turbid, and must be refiltored ; anil, 
finally, the clear filtrate is sterilised in the usual manner. For making 
plate-cultivations Unna recommends the admixture of !o per cent, 
gelatine or 6 per cent, agar-agar. 

B. Nutrient Substances. — -By the methods described at p. 378 
we are enabled to detect micro-organisms ; and the measures that must 
be taken to render the fluids and nutrient substances as well as the instru- 
ments employed in research free from fungi have also been indicated. 
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It doe& not suffice to place a fungus or the germs of fungi at random 
in solid or fluid nutrient substance duly sterilised in order to ensure 
their successful cultivation ; but there is for each of the pathogenic 
and non-pathogenic fungi an appropriate soil, which differs widely in 
its chemical constitution in different cases. The researches of Pasteur ^' 
in connection with yeasts, of Na'geli^^ and Buehnei*^^ with bacteria and 
moulds, of A. Schultz ^^ with moulds, of the author ^^ with the Micro- 
coccus ursea, and of Huepjpe ^"^ with the lactic acid bacillus, have shown 
that, in addition to a supply of nitrogen and carbon, each fungus 
requires certain inorganic salts for its growth. And further, there is 
in each case some particular temperature at which the fungus thrives 
best (optimum temperature). 

It is only when all these conditions have been secured that cultiva- 
tions can be made successfully. 

To draw unequivocal conclusions from researches of this sort^ it is 
above all necessary to apply Koch's process, presently to be described, 
for obtaining pure cultivations of the fungus which is being investigated, 
and to implant these upon solid or fluid nutrient substances. 

1, Nutrient Fluids. — The use of fluids as nutrient substances 
entails uncertainty in the result, since the microscope cannot be em- 
l)loyed to examine them. Still it is not difficult to obtain a pure 
cultivation in a fluid if it be sterilised, and if a cultivation known to 
be pure be planted in it. 

The process is then the same as for the preparation of pure cultiva- 
tions by Koch's method, which will be described presently. 

The composition of the nutrient fluid must vary with the nature of 
the fungus to be cultivated. 

Thus yeasts grow best in a somewhat acid saccharine fluid. Moulds 
require a medium holding free acids in considerable quantity. Feebly 
alkaline fluids are the best for certain non -pathogenic bacteria. Fluids 
of definite constitution for the cultivation of bacteria — as those of 
Pasteur, Cohn, and the author — agree in that they all contain nitro- 
genous and carbonaceous matter and inorganic salts. 

Although it is true that by cultivation in nutrient fluids much useful 
information has been obtained concerning the life-history of some of 
the fission-fungi, the method is not employed for the investigation of 
pathogenic micro-organisms, partly because, as has been said already, 
there always remains some doubt as to whether the cultivations obtained 
with them arc in reality pure cultivations, and partly because it would 
seem that pathogenic fungi tlirive badly in fluids. The author has en- 
deavoured, without success, to obtain pure cultivations of pneumonia-cocci, 
Streptococcus pyogenes aureus, and other pathogenic micro-organisms, on 
sterilised nutrient fluids of the most varied constitution. 
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Control experiments have proved that non -pathogenic fungi developed readily 
in such nutrient fluids, while the- same fluids, maintained under like conditions, 
when infected with pathogenic fungi remained sterile.** 

2. Solid Nutrient Substances* — As in the case of nutrient fluids, 
the chemical constitution of solid nutrient substances will vary greatly 
according to the biological character of the fungus under cultivation. 

1. Blood-Semxn. — The blood-serum of animals is required for certain 
pathogenic fungi, ejj., tubercle-bacillus ; gonococci are cultivated in 
human serum. The method of preparation has been sufficiently de- 
scribed. 

2. R. Koch's Nutrient Gelatine. — This is prepared in the following 
manner : — 500 grms. of good meat, free from fat and freshly minced, 
is rubbed up with 1000 grms. of distilled water and placed for twenty- 
four hours in a refrigerator. It is then strained through linen, the 
resulting fluid made up to 1000 cc, and 10 grms. of dry peptone, 5 
grms. of common salt, and 100 grms. of white edible gelatine are added. 
The fluid is heated in a flask until the gelatine is dissolved. It is then 
accurately neutralised with sodium carbonate, and boiled for half an 
hour to an hour, when a specimen is tested for its reaction ; after this 
the fluid is Altered through a hot-water funnel and poured into test- 
tubes sterilised in the manner directed (see p. 379), and sterilised for 
ten minutes a day for three days. 

The test-tubes may now be kept for weeks or months at the ordinary 
temperature before they are used; but when this is done, an india- 
rubber cap should be placed over each above the plug of cotton- wool, 
to prevent evaporation from the gelatine. Keeping the nutrient gelatine 
thus for a long time in the test-tubes has this advantage, that when 
through an accident in its preparation germs have obtained admission 
to the fluid, the resulting cultivations are made evident by clouding in 
the gelatine, which will not then be employed for cultivation research. 

Koch's nutrient gelatine, which may be modified at will by the addi- 
tion of organic or inorganic substances, will serve for the cultivation of 
all pathogenic and non-pathogenic fungi which grow at the ordinary 
temperature of a room. It cannot be used at higher temperatures (over 
25*-3o* C), which cause it to melt, and for micro-organisms which 
liquefy gelatine rapidly. 

3. Agar-Agar. — In many investigations, esj^ecially for fungi which 
require a temperature not lower than blood-heat to develop well, or 
which liquefy gelatine rapidly, agar-agar may be used with advantage 
instead of gelatine as a nutrient substance. It is prepared in the same 
Avay as nutrient gelatine fluid, only that instead of gelatine 1.5-2 per 
cent of finely divided agar-agar is added to the fluid. Unfortunately 
it is diflicult to prepare a perfectly pure and clear agar-agar solution in 
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thui way, and that substance, even when added in small particles, filters 
badly through tlie hot-water funnel. Schottelitts^^ and Richter^^ how- 
ever, have modified the process in such a manner that a clear nutrient 
agar-agar may be easily obtained. 

4. Potato. — Enough has been said about the sterilisation of potatoes 
employed for nutrient material (p. 380). Their use is of great service 
in studying pathogenic fungi, many of which develop on potato in a 
highly characteristic manner (see pp. 176, 354). 

Starch to which suitable nutrient salts have been added forms a solid 
nutrient substance, whicli is very useful and easily sterilised. Together 
with gluten and bread it is especially good for the cultivation of moulds. 
For the latter also boiled blood clots may be employed with advantage.-^ 
Both starch and blood may be easily and effectually sterilised by a current 
of steam. 

Recent investigators have in many instances somewhat modified the 
constitution of, and the method of preparing, nutrient substances. 
Thus the addition of glycerine to peptone gelatine or agar-agar has been 
tried successfully. All the modifications suggested cannot be noticed 
here. The use of stained nutrient solids and fluids, however, demands 
notice. 

According to Birch-Hirsrhfeld^'' living anthrax-bacilli can be procured 
stained by inoculating from a pure cultivation of the fungus upon 15 per 
cent, nutrient gelatine which contains in 6 cc. i cc. of a watery solution 
of fuchsin or methylene-blue. The cultivation should remain for twenty- 
eight hours at 3 5 "-40° C.-^ 

In the cultivation of the bacillus of typhoid fever also, stained (benzo- 
purpurin) nutrient substances are useful. 

The application of this principle, as by the addition of neutral tincture 
of litmus,"-^* or other substances, to show the formation of free acid or 
acid salts, has thrown much light upon the nature of pathogenic and 
non-pathogenic fungi. The addition of a little watery solution of 
Congo-red or benzo-purpurin to nutrient substances has proved, in the 
author's hands, a valuable expedient in the study of the biological 
character of micro-organisms. If the material examined contains acid- 
forming fungi, the cultivations upon stained nutrient soil take a colour 
ranging from a pale to a blackish blue, and thoir presence is discernible 
with the naked eye. The method is particularly appi-opriato for the 
study of micro-organisms from the intestine under normal and patho- 
logical conditions. 

C. Preparation of Koch*s Pure Cultivations. — Although 

Klebs-'^ and Brefehl^^ had already suggested, and themselves adopted, 
the use of solid nutrient substances for the investigation of fungi, it 
Avas Kot'h who grasped the significance of these methods, and, by sub- 
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milting the cultivations in fluid and solid media to the control of the 
microscope, laid the foundation of modem bacteriology. 

To this observer we owe not only the knowledge of many funda- 
mental facts in bacteriology, such as result from the discovery of the 
bacillus of tubercle and of cholera, but nearly all the cultivation and 
staining methods in use are derived from his researches and those of 
his pupils. 

The methods now to be described have for their object as far as 
possible to separate the individual germs from a mass of fungi, and to 
promote their development apart from one another in solidifying floida 
This may be done by Koch's processes for obtaining plate-cultivations 
on glass slides and test-tube cultivations. It is usually expedient to 
make plate and test-tube (deep inoculation) cultivations together. 

1. Plate-Cultivations. — A test-tube, in which from 5-8 cc. of solidified 
nutrient gelatine has been placed as directed above, is put into warm 
water, and allowed to remain tliere until the gelatine is quite fluid. 
Care is now taken that the plug in the mouth of the test-tube is freely 
movable by rotating it a little if necessary. The test-tube is held 
obliquely between the tliumb and index-Anger of the left hand, the 
plug with the upper end between the second and third fingers (Koch's 
"grasp") A little of the fungoid material is taken with a freshly- 
sterilised platinum needle, and placed on the gelatine, so as first to 
touch its edge and then to mix Avith the fluid. In doing this, draughts 
of air must be excluded from the room. In the same way one or more 
drops of this first dilution are placed in nutrient gelatine in another 
test-tube (second dilution), and if a provisional inspection has shown 
that the fluid under examination is very rich in fungi, the process is 
repeated again (third dilution). It may then be assumed that the 
germs in the nutrient gelatine are actually isolated. The infected 
gelatine is next poured out on to glass plates about 14 cm. in length 
and 1 2 cm. broad, and caused to solidify quickly. This may be done in 
a few minutes by the application of cold. The glass plates are prepared 
in the following manner: — They are first thoroughly cleansed with 
water, solution of corrosive sublimate, and alcohol, and placed immedi- 
ately before use in iron cages in the steriliser, where they are heated 
for a long time at ioo'*-i5o° C. They are taken out when cool, and 
laid upon a large sheet of plate-glass made cold with ice. This should 
have a polished, even surface, and must also be accurately level 
when used, an end best attained by mounting it on a tripod stand 
witli a spirit-level visible beneath the glass. Such an accessory, how- 
ever, is not essential, and it may be dispensed with if a little care 
be taken. 

Recently the use of the glass plate cooled on ice has been supplanted 

2 B 
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in many laboratories by tbat of a polished plate of iron about 20 cm. in 
diameter and 8 cm. thick, which is carefully sterilised beforehand. This 
is placed upon the tripod and adjusted with the spirit-level. An iron 
plate was first employed in Lichtheim's laboratory at Berne, and it is 
very suitable to the purpose in hand, because with it nutrient fluids 
solidify very quickly. In warm weather, as in the summer, the iron 
plate must be previously cooled on ice, but ordinarily this precaution 
is unnecessary. The author has employed such a plate exclusively in 
his bacteriological work during the last four years, and found it most 
serviceable. 

The nutrient gelatine is poured upon the plates in the following 
manner : — The small glass plates upon which nutrient gelatine is to be 
spread are laid upon the glass plate made cold with ice or on the iron 
plate, and that edge of the test-tube over which the gelatine is to flow 
is heated. When the edge has cooled, the gelatine is poured here and 
there over the cold surface of the plates, and spread out upon them as 
evenly as possible by means of the sterilised edge of the test-tube, care 
being taken that the edges of the plates are left free. The plates are 
then covered with a bell-glass. When solidification is complete, they 
are placed on sterilised wet blotting-paper in a glass dish of about 30 
cm. diameter, which has been previously well purified with corrosive 
sublimate, and another bell-glass is put over them. 

In order to obtain the sterilised and wet blotting-paper, a jet of super-heated 
steam is directed upon the filter-paper in the bottom of the glass dish for from 
eight to ten minutes. In this way the bell-jar as well as the filter-paper are 
sterilised, and the latter is saturated with sterilised vapour. 

In such a vessel six plates, or even more, can be put, with a glass 
partition between each pair. 

Instead of plates, E, Esniarch^ has recently employed test-tubes, 
which will serve for many of the purposes of plate-cultivations. With 
these the process is as follows. Some of the fungoid material is placed 
in the fluid nutrient gelatine in the test-tube in the manner already 
described, and mixed with it as intimately as possible. The test-tube, 
covered with an india-rubber cap above the plug of cotton- wool, is then 
held as vertically as possible, and with the sterilised plug and cap 
directed somewhat upwards, under a stream of cold water, and in this 
position is made to rotate upon its long axis. After a little while the 
nutrient gelatine has solidified in the cylindrical form of the test-tube. 
This process has considerable advantages. Cultivations so made can be 
inspected not only with weak (Reichert IV.), but also with powerful 
objectives ; they are less likely to be contaminated ; individual cultiva- 
tions may be removed with a little care even under the microscope, and 
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less annoyance is apt to arise from the unpleasant odour which the 
cultivations often give rise to than is the case when plates are used. 
To these the name of cylinder-cultivations may he appropriately given. 
On a plate or in a test-tuhe so prepared, after a longer or a shorter 
interval, there appear little punctiform colonics, which are already 
sufficiently distinguishahle from one another, and at the same time the 
gelatine is often partly liquefied and gives off a disagreeahle smelL If 
now a minute particle he taken from each of the colonies hy means of 
a sterilised platinum needle and suhmitted to the same process over 
again, pure cultivations will he had of all the fungi which develop in 
nutrient gelatine. 

At the same time, by placing the entire plate under the microscope 
and examining it, it will be possible to study the mode of growth of 
the fungi, and also to determine whether in any given case the cul- 
tivations are pure or contaminated by admixture with other fungi. 
Certain distinctions in the shape and colour of the cultivations can 
also be recognised with the naked eye, and by removing a particle on 
a platinum needle from an individual developing cultivation under the 
microscope and transferring it directly to a test-tube (cultivation by 
deep inoculation), a definite fungus may be cultivated in a little time 
and with little trouble. 

Cultivations with nutrient agar-agar are made in the same way as 
with nutrient gelatine. The former substance should be used in all 
cases of fungi which contain spores and where the growing fungi cause 
nutrient gelatine to liquefy quickly ; as, for instance, in making culti- 
vations from the faeces, and in cultivating micro-organisms which require 
a high temperature (37* and upwards) for their growth. 

The cultivations are placed in an incubator such as Koch and others 
(d'Arsonval) have devised. The construction of these is the same in 
all cases. The incubator has double walls enclosing a compartment 
for water, with arrangements (thermostats) by which the internal 
temperature may be maintained constant to within 0.2* C. Experi- 
ence, and especially Koch's researches, have shown that a number of 
pathogenic fungi, as, for instance, the bacillus of tubercle, will thrive 
only at a definite and continuous temperature. To aid in securing 
this, various thermostats have been constructed recently. Of these, the 
author uses the thermo-regulator of L, Meyer,^ The principle of the 
instrument is to regulate the supply of gas for heating the incubator 
by conducting it through an sethereal atmosphere confined by a mer- 
curial valve, so that more or less gas is conducted to the jet according 
to the temperature required in the incubator. 

This instrument answers well Such a thermostat has been in use 
for several months in Professor Nothnagel's clinic Notwithstanding 
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the great variation in gas-pressure, the temperature recorded nevef 
varied by more than 0.2'' C. 

2. Cultivation by Deep Inoculation. — A particle of the fungoid mass 
is taken on a sterilised platinum needle and implanted on nutrient 
gelatine or agar-agar in a test-tube by removing the sterilised plug 
with the mouth of the tube downwards and plunging the inoculating 
needle into the nutrient substance. After the lapse of a few days the 
fungus develops in a very characteristic manner in the gelatine. Tliis 
proceeding is adopted only when a pure cultivation has been obtained 
with plates, and it is then of service in the further study of the micro- 
organism. B. Ftschl^^ has removed the cylinder of gelatine from 
the test-tube with a cork-borer, and Neisser^^ by the action of heat; 
and by subsequently hardening it in alcohol or a i per cent solution of 
bichromate of potash, these observers were able to observe the develop- 
ment of the fungus in microscopical sections. 

3. Oultivations on Glass Slides. — A sterilised platinum needle is 
infected with a particle from the fungoid fluid in the manner indicated 
^'^ P* 3^5) A^^ drawn across the surface of nutrient gelatine spread upon 
a slide in such a manner that the fungi lodge in the furrow. After a 
few days colonies of fungi develop in the line of inoculation. 

4. Oultivation in Hanging Drops. — Koch was the first to adopt this 
method of cultivation. With it the growth of the micro-organisms 
can be observed directly under the microscope. It is carried out 
thus : — A glass slide with a hollow surface is taken, and the edge of 
the concavity is smeared with a little vaseline, or a mixture of five 
parts of vaseline and one of paraffin may be used instead, as Birch- 
Hirsclifeld recommends. A drop of sterilised broth is then placed on 
a clean cover-glass infected from the bacterial fluid, and covered with 
the slide in such a way that the drop is suspended in the middle of the 
celL The sterilised broth is prepared in the same manner as nutrient 
gelatine, except that the addition of gelatine is omitted. For micro- 
scopical examination an oil-immersion lens with an Abbe's condenser 
and narrow diaphragm should be used. And where fungi are studied 
in this way, tlie edges of the drop should be observed with special care, 
since it is there that the morphological characteristics of the micro- 
organisms are best marked. 

6. Oultivation by Exclusion of Air. — A number of micro-organisms 
develop only in tlie absence of air (oxygen), and the processes for their 
<5ultivation have been worked out by Koch, Hease, BucJiner, Gntber^ 
and others. 

Koch seals up the test-tube cultivation with plates of mica, Hesse with 
oil. G)'uber exhausts the air with an air-pump and fuses the vessel. 
Buchner^^ em])loys a solution of pyrogallol and caustic potash to absorb 
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oxygen. When this is to be done, the test-tube cultivation, suitably 
prepared, is placed within a second larger test-tube, which contains the 
solution, and which is then closed at the top with an air-tight caoutchouc 
cap. For cultivations in hanging drops, Btichnei-^s method is recom* 
mended by NikiforoffJ^'^ The exclusion of air from plate-cultivations is 
best effected by Blurher^s ^ contrivance. 



IV. THE TRANSMISSION OF PURE CULTIVATIONS TO 

ANIMALS. 

This constitutes a very important part of bacteriological study. It 
may be conducted in many ways. 

(a.) The animal is placed in a closed chamber, and the atmosphere 
is saturated with sterilised water containing the bacteria by means of 
a spray producer. Experiments of this kind aro very valuable for the 
study of infectious diseases and of inhalation remedies. 

(6.) The pure cultivation of a definite fungus is given to the animal 
with its food. In doing this the chief precaution necessary is to 
see that the food itself is innocuous. KoclCs plan is to enclose the 
cultivation in a small starch capsule provided with a lid, and to 
place this on the back of the animal's tongue. Most of the bacteria 
that are devoid of spores appear to be destroyed by the action of the 
free acid in the stomach, and on this account it is advisable to neutra- 
lise the acid by the administration of alkalies, such as Koch used 
in his cholera researches, or to perform laparotomy witli strict anti- 
septic precautious, and to introduce the cultivation directly within the 
duodenum. 

(c.) Cutaneous inoculation. The hair having been removed from 
some part of the body, as the ear, which the animal cannot easily reach 
with its tongue, a superficial wound is made there, and a portion of 
the cultivation is lodged within it. 

{it) In mice the inoculation is best made subcutaneously at the root 
of the tail. Or the purpose may be effected by infecting subcutaneously, 
or within one of the natural cavities, by means of Koch's modification 
of Pravaz's syringe. In this instrument a disc of cork is substituted 
for the india-rubber, which will not bear the great heat necessary to 
ensure sterilisation. A part of the cultivations suspended in water is 
sucked into the syringe, and the fluid injected beneath the animal's 
skin. A simple glass cannula with a compressible india-rubber bulb 
will also serve. 
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V. SCHEME OF A BAOTEBIOLOGIOAL INVESTiaATION. 

1. The fluid to be examined is taken from the body with sterilised 
instruments and under the requisite precautions, and a drop is inspected 
microscopically, either with a powerful dry system or a homogeneous 
immersion objective ; narrow diaphragms and an Abbe's condenser 
being also used. Dry preparations are made and stained. In doing 
this, solutions of the basic aniline dyes are used, or one of the other 
methoils (p. 378), as those of Gram, Friedlander, <fec., according to the 
character of the fungi supposed to be present. 

2. Another drop of the fluid is added to fluid nutrient gelatine or 
agar-agar to obtain plate-cultivations. 

The plate-cultivations are examined with the microscope after twelve 
to twenty-four hours, and it is seen whether they contain fungi which 
are identical witli, or resemble in their mode of growth, others already 
known or under observation. 

Should it appear that no pure cultivations have yet formed, other 
plates are made from those already prepared, until one is obtained in 
which a single fungus develops. 

3. Drop-cultivations are made, and their growth observed directly. 
Moreover, these are nourished on various substances, such as potatoes, 
gluten, &c., and their behaviour to difierent nutrient fluids and under 
different conditions of temperature is studied. 

4. Pure cultivations so obtained are transferred to different animals, 
and the morbid symptoms induced are observed. If such symptoms 
are analogous to those occurring in the human system in presence of 
the same micro-organism, they may be assumed to be due in both cases 
to the agency of the latter. 

When this is done, however, the resources of bacteriology are not yet 
exhausted. The biological characteristics of the fungi remain to be 
investigated, as to what sources of nitrogen, what sources of carbon, 
and what inorganic salts they require. It is only in this way that 
we can arrive at just conclusions concerning the nature of infectious 
diseases, and attain to rational methods of anti-bacterial treatment. 
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Koch'schen Reinculturen und die Cholerabacillen. Leipzig, 1885. — W, Zopf^ Die 
Spaltpilze, 3rd edit. Berlin, 1885. — C, Friedlander and Ehertk, Mikroskopische 
Technik, 4th edit., 1890. — SUhcnniann^ Die Fadenpilze. Wiesbaden, 1883. — A, de 
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Abbs's condenser, 372, 375 
Ahbe-Zeisty counting cell, 9 
Abscess, palmonary, 113, 121 

pas from, 348 

Absorption bands, 60, 292, 293 
Absorption, rate of, in stomach, 142 
Accidental albaminnria, 255 
Acetic acid, 139, 201, 305 

acid in fasces, 201 

acid in gastric juice, 139 

acid in sputum, 113 

acid in urine, 305 

acid reaction in gastric juice, 127 

acid tests for, 305 

acid and ferrocyanide of potas- 
sium test for albumin, 256 
Acetonsemia, 77 
Acetone, auto-intoxication with, 303 

in blood, 77 

estimation of, 303 

in pus, 358 

in urine, 303 

tests for, 303 

Acetonuria, 303 
Acetphenetidin, 345 
Acetylparaamidophenol, 345 
Acholic stools, 210 
Acid, acetic, 113. 139, 201, 305 

a-crotonic, 337 

aether-sulphuric, 297 

albumin, 2^6 

6-oxybutyric, 75 

benzoic, 275 

butyric, 129, 201 

capric, 202 

caproic, 113, 202 

carbolic, tests for, 161 

carbolic, estimation of, 299 

chrysophanic, 345 

diacetic, 305 

diazobenzol-sulphonic, 328 

formic, 201, 305 

hippuric, 243 

homogentisic, 300 

hydrochloric, 139 

hvdrocvanic, 162 

— ^ hydroparacumaric, 300 

hyposulphurous, 327 

inaoxj'l-sulphuric, 297 

isobutvric, 202 



Acid, lactic, 75, 139. 337 

metaphosphoric, 257 

metatungstic, 160 

nitric, 151 

oleic, 202 

oxalic, 151, 307 

oxyamygdalic, 335 

palmitic, 202 

paraamido-phenol-sulphurio, 342 

parakresol-aether-sulphuric, 300 

paroxy-phenyl-acetic, 300 

paroxy-phenyl-propionic, 300 

phenol-aether-sulphuric, 300 

phosphates, 323 

phosphomolybdic, 160 

phosphotungstic, 160, 266 

phosphoric, 324 

picric, 258 

pigments, 33 

pimaric. 256 

pinic, 256 

propionic, 202 

salicylic, 275, 343 

salicyl-sulphonic, 258 

sarcolactic, 75, 338 

skatoxyl-sulphuric, 298 

stearic, 202 

succinic, 362 

sulphanilic, 328 

sulphuric, 150, 297, 323 

uric, 70, 240 

uroleucic, 300 

valerianic, 202 

Acid-forming fungi, 384 

Acidity of gastric juice, 127 ; action on 

fungi, 389 

of urine, 217 

Acids in faeces, 201 

organic, in blood, 74 

organic, in faeces, 201 

organic, in gastric juice, 139 

organic, in sputum, 113 

or^^anic, in urine, 305, 337 

poisoning with, 150, 338 

volatile fatty, 74, 112, 139, 203, 

305, 358 
Actinomyces, 351 

in buccal secretion, 86 

in pus, 351 

in sputum, 109 
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Actinomyces in urine, 237 
Acute bronchitis, 1 14 

enteritis, 207 

gastritis, 146 

nephritis, 329 

yellow atrophy, 335 

Addison's disease, urine in, 291, 293 

iEther-sulphuric acids, 297 

tests for, 299 

estimation of, 297 

^thylinimin, 366 

Agar-agar, cultivations in, 354 

nutrient, 383 

Ague, parasites of, 49 

Albumm, estimation of, in urine, 259 

in cysts, 363 

in faeces, 199 

in gastric juice, 144 

in pus, 358 

in sputum, 113 

in transudations, 361 

in urine, 252 

tests for, 255 ; Furbringers, 258 ; 

Hindenlang'sj 257 ; Heller's, 257 ; 
ffeynnu8\ 257 ; Johnson's^ 258 

Albuminate, 256 

Albuminimeter, 263 

Albuminous putrefaction, 297 

Albuminuria, 251 

accidental, 255 

Bright on, 252 

causation of, 253 

cyclical, 252 

experimental, 252 

febrile, 254 

haematogenic, 254 

in boys, 252 

intermittent, 252, 255 

of anaemia, 254 

paroxysmal, 252 

pathological, 253 

physiological, 25 1 

remittent, 252 

renal, 253 

Steaart on, 251 

Albumose in semen, 367 

Albumosuria, 268 

Alcohol, detection of, 161 

Alcoholic poisoning, 161, 341 

Alimentary canal, diseases of, faeces in, 
207 

canal, diseases of, urine in, 335 

canal, diseases of, vomit in, 146 

Alkalies, poisoning with, 152, 338 

Alkaline stools, 164 

urine, 247 

Alkalinity of the blood, 2, 4 

of the blood, changes of, in dis- 
ease, 4 

of the blood, estimation of, 2 

of the blood. Hay croft and WUliam- 

son's test for, 3 

of the blood, Ki-atis^ test for, 5 

of the blood, LiehreicKs test for, 2 



Alkalinity of the blood, Zuntz^ test for, 2 

of the urine, 216 

Alkaloids, animal, 158, 261 

poisoning with, 156, 340 

Sta^Otto tests for, 156 

Alkapton, 301 
Alkaptonuria, 301 
Allantoin, 361 
Almin's fluid, 277 

test, 271, 339 

AU's test for mercury, 339 

Alum-carmine, 89 

Alveolar epithelium, 94 

Amido-acids, 311 

Ammonia, urate of, in sediment, 249 . 

in gastric juice, 141 

in vomit, 152 

Ammoniacal fermentation, 217, 233 

silver solution, 30S 

Ammoniaemia, 77 

Ammonia-salts, in gastric juice, 141 

estimation of, 141 

in urine, 249 

in vomit, 152 

poisoning with, 152 

Ammonio - magnesic phosphate, see 

Triple phosphate 
Amoeba coli, 180 
Amoebffi in urine, 237 
Amorphous hsematoidin, 61, 241 

sediment of urine, 239 

Amphoteric urine, 217 
Amyloid concretions, 366 

kidney, 331 

Anaemia, albuminuria in, 254 

blood in, 38 

infantum pseudoleukaemica, 33 

pernicious, blood in, 38 

secondary, 39 

urine in, 337 

a-naphthol, 280 
Anchylostoma duodenale, 190 
Anchylostomiasis, 191 
Angina, croupous, 88 

diphtheritic, 88 

follicularis, 89 

Ludovici, 351 

Anguillula intestinalis, 194 

stercoralis, 194 

Aniline, 104, 162 

brown, 40 

dyes, 48, 37S 

oil, 104 

poisoning with, 162, 342 

poisoning, urine in, 342 

tests for, 162 

tests for hydrochloric acid, 129 

-water gentian-violet, 104 

Animal alkaloids, 158, 341 

alkaloids, tests for, 159, 341 

gum, 287 

parasites of blood, 49 

Annelides, 188 
Anthelmintics, 190 
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Anthomjia canicularis, 195 
Ant homy ise in faeces, 195 
Anthracosis of lung, 123 
Anthrax, bacillus of, 42, 354 

bacillus of, detection of, 42, 354 

bacillus of, in blood, 42 

bacillus of, in pus, 354 

Antifebrin in urine, 341 

test for, 345 

Antipyrin in urine, 215, 344 
Antisepsis of urine, 218 
Anuria, 212 

Apochromatic lens, 377 
Areolar tissue in stools, 167 

tissue in vomit, 145 

Aromatic oxy-acids, 300 
Arsenic, detection of, 154 

poisoning with, 1 54, 340 

Arterio-sclerosis, 341 
Arthritis, 71, 311 
Ascarides in faeces, 188 

in nose, 91 

in sputum, 1 10 

in urine, 238 

Ascaris lumbricoides, 188 

mystax, 189 

Ascites, chylous, 360 

Asiatic cholera, bacillus of, 173 

faeces in, 209 

Aspergillus fumigatus, 102 

Asphyxia, 63 

Asthma, 115 

— bronchial, 98 

Atrophic cirrhosis, urine in, 335 

Atrophy, gastric, 147 

Atropin, detection of, 157 

in urine, 341 

poisoning with, 157, 341 

Aurantia, 32 

Auto-intoxication with acetone, 303 

with diacetic acid, 305 

with sulphuretted hydrogen, 327 

Automatic pipette, 3 
Autotoxicosis, 319 • 

Azoospermia, 366 
Azoturia, 311 

Bacilli in blood, 39 

in buccal secretion, 80 

in exudations, 348 

in faiccs, 1 70 

in gastric juice and vomit, 145 

in milk, 368 

in nasal secretion, 91 

in sputum, 103 

in urine, 233 

in vagina, 369 

Bacilluria, «e« Bacteriuria 
Bacillus, crassus sputigenus, 81 

cyanogen us, 369 

Lustgarten'Sj 349 

of anthrax, 42, 354 

of Asiatic cholera, 173 

of cholera infantum, 165 



Bacillus of cholera nostras, 177 

of decaying teeth, 81 

of diphtheria, 88 

of Pinkltr and Prior, 177 

of glanders, 46, 353 

of hay, 179 

of hen-cholera, 378 

of hydrophobia, 48 

of influenza, 356 

of lactic-acid, 206 

of leprosy, 355 

of septicaemia of the mouse, 171, 

356 

of smegma, 349 

of syphilis, 349 

of tetanus, 48, 355 

of tubercle, 45, 103, 179, 349 

of typhoid, 46, 81, 177 

of whooping-cough, 109 

pyocyanogenus, 349 

salivarius septicus, 8r 

septicus sputigenus, 81 

subtilis, 171 

Bacteria, see Fission-f angi 
Bacterial colonies or casts, 227 

decomposition of urine, 234 

Bacteriological methods, 371 
Bacteriology, 372 
Bacterium termo, 171 
Bacteriuria, idiopathic, 235 
Balantidium coli, 171, 182 
Bamberger's haematogenic albuminuria, 

254 
Barium salts, 134 

Basic aniline dyes, 40, 378 

phosphate of magnesia, 242 

phosphatic earths, 249 

Basidiomycetes, 352 

Basophil granules, 33 

Baumann and Udranshy^s method, 160 

Bence Jones on alkaline urine, 217 

Benzoic acid in urine, 273 

aethers, 280 

Benzo-purpurin, 131 

test for HCl, 131 

test-papers, 132 

Benzoyl-chloride test for sugar, 74, 76, 
280 

for diamines, 318 

for carbo-hydrates, 280 

Beri-beri, 192 

Berlin -blue reaction, 302 

Betain, 315 

Betol, 343 

Bettelheim*8 granules, 36 

Bidder and Schmidt's method for esti- 
mating HCl, 133 

Biedert's boiling method, 107 

Bilberries,amylic alcohol extract of, 132 

Bile acids in blood, 75 

acids in faeces, 200 

acids in pos, 358 

acids in urine, 287 

acids, tests for, 75, 288 
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Bile pigment in blood, 76 

pigment in cysts, 363 

pigment in faces, i^, 204 

in pus, 358 

in semen, 367 

pig^nent in urine, 288 

pigment, tests for, 288 

Bilifoscin, 288 
Biliprasin, 288 
Bilirubin, 62, 76, 118, 241, 288, 363, 367 

formula of, 62 

Biliverdin in blood, 77 

in feces, 165 

in meconium, 206 

in sputum, 1 18 

in urine, 288 

in Tomit, 150 

Biology of micro-organisms, 390 
Bismarck-brown, 105 
Biuret, 69 
Biuret-test, 69, 257 
JBizzozero'i chromo-cytometer, 14 
Bladder, calculus of, 333 
Bladder, catarrh of, 332 

epithelium of, 221 

foreign bodies in, 250 

tumours of, 233, 333 

Blennorrhcea, 220 
Blood, the, i 

acetone in, 77 

alkalinity of, 2, 5 

animal parasites of, 49 

bile substances in, 75 

cellulose in, 74 

chemical chaziges in, 59 

colour of, I 

colouring matter of, 59 

crystals m, 30 

estimation of sugar in, 72 

— fatty acids in, 74 

fibrin of, 67 

formed elements of, 6 

fungi of, 39 

glycogen in, 74 

haemoglobin of, 320 

in anscmia, 38 

in carcinoma, 70 

in chlorosis, 37 

in dyspnoea, 63 

in faeces, idiS, 208 

in fever, 78 

in melansemia, 35 

in poisoning, 63 

in pus, 348 

in sputum, 122 

. in urine, 219 

in vomit. 148 

lactic acid in, 74 

organic acids of, 74 

parasites of, 39 

peptone of, 67 

proteids of, 67 

protozoa in, 49 

reaction of, 2 



Blood, sarcolactic acid in, 74 

specific gravity of, 5 

urea in, 68 

uric acid in, 70 

Blood-colouring matter, relation of, to 

bile-pigment, 61 
Blood-cells, see Blood-corpuscles and 

Leucocytes 
Blood-corpuscles, red, apparatus for 

counting, 8 

• changes in, 6 

counting of, 9 

in bucc^ secretion, 79 

in cysts, 362 

in faeces, 168 

in pus, 348 

in sputum, 94, 122 

in transudations. 361 

in urine, 219, 270 

tests for, 271 

Blood-pigment, 59 

detection of changes in, 60 

in faeces, 168, 205 

in gastric juice, 148 

Blood-platelets, 6 
Blood-serum, lutein in, 59 

spectrum of, 59 

sterilised, 380 

Blue milk, 369 
Bodo urinarius, 237 
Bothriocephalus cordatus, 186 

latus, 186 

liguloides, 186 

BdUger'8 test, 277 
j8.oxy-butyric acid, 75, 336 

tests for, 337 

Brandberg^8 method, 260 

BraufCt method for estimation of HCl, 

136 
Bread in the nutrition of fungi, 383 

BrUf/er's method for separation of 

ptomaines, 158 
Bright on albuminuria, 252 
Brilliant-green tests for HCl, 130 
Bromide of potassium, detection of, in 

urine, 243 
of potassium, detection of, in 

saliva, 83 
Bromine salts in urine, 343 
Bronchial asthma, 98 

catarrh, 1 14 

Bronchiectasis, 115 

sputum of, 112 

Bronchitis, acute, 114 

chronic, 115 

plastic, 115 

putrid, 115 

Broth, nutrient, 383 

Browning^B spectroscope, 59, 66 

Buccal secretion, 79 

secretion, chemical constitution 

of, 81 

secretion, ferment of, 80 

secretion, fungi of, 80, 85 
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Buccal secretion in disease, 82 

^— secretion, nitrites of, 82 

secretion, physical characters of, 

79 

secretion, sulphocyanide of, 83 

urea in, 83 

Bujicid*8 staining process, 1 76 

Bunaen^g tables, 314 

Butyric acid, detection of, 201 

— acid in faeces, 201 

acid in gastric juice, 129 

acid in sputum, 1 13 

acid in urine, 305. See aUo Fatty 

acids 

Cadaverin, 160, 318 

Calcium carbonate, crystals of, 197 

phosphate in faeces, 197 

phosphate, crystals of, 197, 242 

sulphate, crystals of, 197, 247 

sulphate in faeces, 197 

— sulphate in urine, 242, 247 
Calculus, 333 

Calliphora erythrocephala, 195 
Calomel, 212 
Canada balsam, 105 
Cancer, blood in, 74 

of alimentary canal, 215 

of stomach, 148 

urine of, 215 

Capric acid, 202 

Caproic acid in faeces, 202 

acid in sputum, 113 

Carbohydrates in blood, 72 
Carbol-fuchsin, 106 

-gelatine, 179 

Carbolic acid, estimation of, 299 

acid in faeces, 202 

acid in urine, 299, 341 

acid in vomit, 161 

acid poisoning, 161, 341 

acid, tests for, 161, 342 

acid in faeces, 200 

acid in gastric juice, 142 

acid, tests for, 2CX) 

Carbolo-chloride of iron test for lactic 

acid, 139 
Carbonate of lime in faeces, 197 

of lime in sputum, 113 

of lime in urine, 253, 326 

of magnesia in sputum, 113 

Carbonates of the alkaline earths, 250 

in sputum, 113 

of urine, 326 

test for, 326 

Carbonic oxide, detection of, 63 

oxide haemoglobin, 63 

oxide hajmoglobin, spectrum of, 

63 
oxide poisoning, 63, 273, 342 

Carburetted hydrogen in faeces, 205 

Caries of teeth, 81 

Casein in faeces, 168 

in milk, 368 



Casts, cellular, 225 

chemistry of, 232 

classification of, 224 

** detritus," 224 

examination of, 232 

fatty, 229 

granular, 227 

hyaline, 230 

metamorphosed, 224 

of micrococci, 226 

— t— organised, 224 

staining of, 232 . 

unorganised, 224 

urinary,- 224 

waxy, 228 

Cat, round worm of, 189 
Catarrh, bronchial, 114 

gastric, 146 

nasal, 91 

vesiciil, 332 

Catarrhal urethritis, 334 

Caustic potash, poisoning with, tee 

Poisoning with alkalies 
soda, poisoning with, tee Poisoning 

with alkalies 
Cellulose in blood, 74 
Cercomonads in faeces, 181 

in pus, 357 

in sputum, 109 

in urine, 237 

Cercomonas intestinalis, 181 
Cerebral haemorrhage, urine in, 291 
Cerebro-spinal fluid, 91 

meningitis, 273 

Certoneura stabulans, 195 

Cestodes, 182 

Charcot- Ley den crystals, 30, 99, iio^ 

195 
Cheese-maggot, 195 

spirillum of, 177 

Chemical examination of blood, 59 

examination of buccal secretion, 

81 

examination of cystic fluids, 363 

examination of faeces, 198 

examination of gastric juice, 143 

examination of milk, 369 

examination of pus, 358 

examination of semen, 367 

examination of sputum, 113 

examination of transudations, 361 

examination of urine, 255 

examination of vomit, 150 

Chinanisol, 344 

Chloral in urine, 273 

Chlorate of potash in blood, 65 

of potash, poisoning with, 65, 15a 

of potash, spectrum of, 65 

Chloride of ammonium in urine, 320 

of barium, 134 

of gold test, 160 

of magnesium in sputum, 114 

of magnesium in urine, 320 

of platinum test, 160 
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Chloride of potassium in nrine, 320 

of sodium in blood, 78 

of sodium in faeces, 204 

of sodium in urine, 320 

of zinc solution, 316 

Chlorides, estimation of, 320 

in faeces, 204 

in sputum, 1 14 

in urine, 320 

tests for, 320 

Chloroform, poisoning with, 161, 341 

tests for, 161 

Chlorophyll, 167 

Chlorosis, blood changes in, 37 

urine in, 217 

Cholaemia, 75 
Cholecyanin test, 289 
Choleglobin, 62 
Cholera, Asiatic, 209 

Asiatic, bacillus of, 173 

infantum, bacillus of, 165 

nostras, bacillus of, 177 

red, 176 

Cholesterin crystals, detection of, 1 1 1 

crystals in fieces, 203 

crystals in pus, 357 

crystals in sputum, 1 1 1 

crystals in urine, 249 

tests for, 203 

Cholelithiasis, 166 
Choluria, 287 
Chromocytometer, 14 
Chromogens of urine, 214 
Chromogens of urobilin, 214 
Chromometer, 14 
Chronic bronchitis, 115 

enteritis, 207 

gastritis, 146 

inflammation (non-tubercular) of 

lung, 117 

nephritis, 330 

Chrysophanic acid, 345 
Chyliform exudation, 360 
Chyluria, 306 
Ciliated epithelium in cysts, 363 

epithelium in sputum, 93 

Cladothrix, 352 

Claret, colouring matter of, 132 
Claude BemaM's method, 73 
Clostridium butyricum, 171 
Coagulated albumin, 168 
Coating of the tongue, 87 
Coccidia in pus, 357 
Coccidium perforans, 181 

oviforme, 89 

Coccus salivarius septicus, 81 
Cochin-China diarrhoea, 194 
Coffin-lid crystals, see Triple phosphate 
Colloid cysts, 362 
Colour of blood, i 

of exudations, 347 

of faeces, 164 

of sputum, 93 

of transudations, 361 



Colour of urine, 214 

scale for urine, 214 

tests for albumin, 257 

Colouring matter of bile, 61, 204 

matter of blood, 61 

matter of fasces, 164 

matter of urine, 214 

Colostrum, 368 
Comma-bacillus, 173 
Compensation eye-piece, 373 
Compound sulphuric acids, 297 
Concretions of faeces, 166 

of nasal secretion, 91 

of urine, 247, 250 

Condenser, Abbe's^ 372 

Congo-red test for HCl, 131 

staiiiing micro - organisms with, 

384 
Connective tissue in sputum, 100 

tissue in stools, 167 

tissue in vomit, 145 

Contracted kidney, 331 

Copaiba balsam, 346 

Copper, poisoning with salts of, 154, 

339 
CorniVt marrow cells, 32 

Corpora amylacea in sputum, loi 

Correction collars, 373 

Cover-glasses, preparation of, 40, 105 

Croton oil, 348 

Croup, gastric, 150 

Crystals, calcium carbonate, 197' 

calcium phosphate, 197, 242 

calcium sulphate, 197 

Charcot- Ley den f 30, 99, IIO, 195 

cholesterin, iii, 195, 249, 357 

cystin, 243 

fatty. Ill, 196, 357 

hippuric acid, 243 

haemin, 61 

haematoidin, 61, no, 195, 241, 357 

haemoglobin, 38 

in blood, 38 

indigo, 248 

in blood, 30 

in faeces, 195 

in pus, 357 

in sputum, no 

in urine, 240 

leucin and tyrosin, 112, 244 

magnesium phosphate, 242, 249 

margarine, 112 

oxalate of lime, 113, 197 

phenyl-glucosazon, 276 

Hoiisain^a, 1 57 

spermatic, 367 

sulphide of bismuth, 198 

■: Teickmann*»f 63 

triple phosphate, 113, 197, 242. 

247, 358 

tyrosin, 112, 244 

urate of ammonia, 249 

uric acid, 240 

xanthin, 244 



INDEX. 



447 



CrystalliDe sediment of arine, 239 
Cultivation, cylinder-, 387 

by exclusion of air, 388 

drop-, 388 

in aepth of nutrient substances, 



)87 



386 



on glass slides, 388 

on surface of nutrient substances, 



plate-, 385 



CurschmanWtf spirals, 98 

spirals, Ti-oup on, 98 

Cupric oxide, reduction of, 274 
Cutaneous inoculation, 389 
Cyanotic induration of kidneys, 228 
Cylinder-cultivations, 387 
Cylindroids, 232 
Cystic kidney, 363 
Cystin, 243 
Cystinuria, 308 
Cystitis, 332 
Cysts, colloid, 362 

contents of, 361 

dermoid, 362 

hydatid, 362 

of broad Ugament, 363 

ovarian, 362 

Cytometer, 13 

Dahlia, acid solution of, 33 
Dammar varnish, 41 
D'Artohval's incubator, 387 
Deneke's spirillum, 1 77 
Deposit on teeth, 86 
Dermatitis, urine in, 269 
Dermoid cysts, 362 
*' Detritus " casts, 244 
Detritus in faeces, 169 
Deutero-albumose, 268 
Dextrin in fasces, 200 

in urine, 287 

Dextrose, see Grape-sugar 
Diabetes, blood in, 74 

insipidus, 337 

mellitus, 336 

Diabetic acetonuria, 303 
Diacetic acid, tests for, 305 
Diacetnria, 304 
Diamines in sputum, 1 1 5 

in urine, 318 

tests for, 318 

Diaphragms, 372 
Diastase, 205 

in urine, 320 

Diastatic ferment of cysts, 363, 364 

ferment of fseces, 205 

ferment of saliva, 82 

ferment of urine, 320 

Diathesis, uric acid, 308 
Diazobenzol, 160 
Diazobenzol-sulphonic acid, 328 
Diazo reaction, Ehrlieh's, 328 
Dickinson on coating of tongpie, 87 
Differentiation of proteids in urine, 259 



Digestion, stages of, 140 
Digitalis, 212 

Di&tation of stomach, 149 
Dioxyquinin, 344 
Diphtheria, bacillus of, 88 

gastric, 150 

Diplococci in ozaena, 91 

in pneumonia, 120 

in pus, 348 

Dipteral larvae, 91, 195 
Disseminated sarcoma, 265 
Distoma eggs in blood, 58 

eggs in urine, 237 

haematobium, 57 

haematobium in blood, 57 

haematobium in sputum, 1 10 

haematobium in urine, 237 

hepaticum, 187 

lanceolatum, 187 

Rathonisi, 188 

Dochmius duodenalis, 190 

Double sulphate of iron and ammonia 

solution, 321 
Dragendorfs test for bile-pigment, 289 
Dreschfeldt test for HCl, 133 
Drop-cultivations, 388 

of cholera-bacillus, 175 

Drosophila melanogastra, 195 
Drugs, effect of, on the stools, 164 
Dry measurement, 38 
Duodenal ulcer, 148 
Dysentery, 208 
Dyspepsia, acid in, 127 

urine in, 335 

Dyspnoea, blood changes in, 63 

Eabthy phosphates, 323 
Echinococcus in sputum, 109 

in urine, 238 

cysts in faeces, 187 

cysts in sputum, 109 

cysts in urine, 238 

booklets from cysts, 362 

booklets in faeces, 187 

booklets in gastric juice, 150 

booklets in urine, 238 

Ekrlieh'g granules, 31 

staining method, 41 

test for bilirubin, 290 

test for typhoid urine, 328 

thrlleh-Weigert fluid, 41, 105 
Eggs of helminthae in blood, 58 

of helminthae in faeces, 192 

of helminthae in sputum, 120 

of helminthae in urine, 237 

Elastic fibres in feces, 163 

fibres in gastric juice and vomit, 



145 



fibres in sputum, 94 



Embolic lipsemia, 75 

nephritis, 227 

Emerald-green test for HCl, 130 
Emulsifying ferment, 144 
Emphysema, urine in, 215 
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Endocarditis, 47, 236 
Enteritis, acute, 207 

chronic, 207 

membranacea, 165 

mucosa, 165 

Entero-colitis, monadines in, 180 

Enterogenic peptonuria, 205 

Entozoa in nose, 91 

Eosin, 31 

Eosinophil granules, 31 

Epileptic urine, casts in, 231 

urine, spermatozoa in, 233 

Epithelium, alveolar, 95 

ciliated, 95 

in buccal secretion, 79 

in exudations, 348 

in faeces, 169 

in gastric juice, 124 

in nasal secretion, 91 

in sputum, 95 

in transudations, 361 

— - in urine, 221 

in vaginal secretion, 369 

obsolete in feeces, 169 

of male urethra, 222 

renal, 223 

vesical, 22 

Eristalis arbustorum, 195 
Erysipelas, streptococcus of, 47, 235 
Erythro-dextrin, test for, 142 
EtbcuiKs albuminimeter, 263 
Eamareh*8 cylinder-cultivations, 3S6 
Eustrongylus gigas, 238 
Bwald*8 test for HCl, 129 
Exogenic toxicosis, 319 
Experimental albuminuria, 252 
Exsiccator, 40 
Exudations, 347 

chylous, 349 

haemorrhagic, 348 

purulent, 347 

putrid, 359 

sero-purulcnt, 359 

serous, 347 

see also Pus 

Eye-piece, 374 
periscopic, 375 

Fjeces, the, 164 

albumen in, 198 

blood in, 168, 209 

chemistry of, 198 

colour of, 164 

colouring matters of, 204 

crystals of, 195 

detritus of, 169 

fats in, 167 

ferments in, 205 

foreign bodies in, 167 

formed elements of, 168 

fungi of, 170 

hyc&^ids in, 186 

indiseases of the alimentary canal, 

207 



Faeces, insects in, 19c 

microscopical onaracters of, 166 

mucin in, 166, 198 

naked-eye, characters of, 164 

non-pathogenic fungi of, 169 

parasites of, 169 

pathogenic fungi of, 173 

proteids of, 168, 198 

ptomaines in. 205 

quantity of, 164 

reaction of, 164 

worms in, 182 

Fat crystals, 112, 196 

crystals in fseces, 196 

crystals in pus, 357 

crystals in sputum, 112 

crystals in vaginal secretion, 369 

crystals in urine, 249 

crystals in vomit, 145 

crystals, separation of, 112 

Fat in blood, 75 

in fseces, 196, 203 

in sputum, 112 

in urine, 247 

Fatty acids in pus, 358 

acids in urine, 305 

acids, non- volatile, of faeces, 20 j 

acids of sputum, 113 

acids, tests for, 305 

acids, volatile, of blood, 74 

acids, volatile, of fseces, 200 

casts, 229 

needles, see Fat crystals 

Favus of stomach, 150 
Febrile acetonuria, 303 

albuminuria, 254 

states, urine of, 328 

urobilin, 290 

PehXing't fluid, 281 

titration method, 280 

Ferment, diastatic, 82, 144 

emulsifying, 144 

of faeces, 205 

inverting, 144 

milk-curdling, 126 

of saliva, 82 

of sputum, 1 14 

of urine, 319 

Fermentation test for sugar, 275 
Ferments of fueces, 205 

of gastric juice, 126 

of urine, 319 

pancreatic, 144 

Ferric salts in sputum, 1 14 

Ferrocyanide solution, 325 

Fibres, elastic, in feces, 167 

elastic, in gastric juice and vomit, 

145 
elastic, in sputum, 97 

Fibrin, estimation of, in blood, 68 

estimation of, in exudations, 35S 

estimation of, in urine, 270 

of Wood, 68 

Fibrinous coagula in sputum, 100 



FibriDOQs'coagulain urine, 370 
Fibriuoria, 270 
Kilaiia uiermia, 357 

iiaagamiB hominis, 5S, 33S 

Filaria: in blood, jS 

in pus, 356 

in urine, 23S 

Fiiiiltr- Prior baci\lm, 177 
Fission-fungi of blood, 39 

of fieces, 170 

of sputum, lol 

of urine, 133 

~ of vaginal secretion, 369 



Gastric diphtheria, 150 
Gastric juice, M^tic acid in, 139 

juioe, acidity of, 127 

juice, acids of, I a? 

juice, ammonia salts ii " " 



- of \i 
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IS fiom, 36 J 
Klagclla, ataioing of, 379 
Flake. 57 

Fon-ii-n bodies in txceg, 351 
- bodies in sputum, 95 



- bodii 



*5" 



Formic arid, detection of. 2 

afid in blood, 74 

acid in fteceg, 201 

acid in gastric juice, 1 

FraniH'i]-: 

JViW/rfm/tr', mclliod for stai 
107 

Frikilfi IQageM, 157 

Fruit-sugar, 287 

Fochsin for stninitig micro 



— test for HCl, 
Fungi. 

of blood, 39 

— — of buccal Rci 
of fa.-ces, 170 

— - of pus. 348 

of scrolls cxti 

of sputum, ic 

- — ■ of urine, 233 

iif >-agina] sec 

of v< ■ 



9^ 



>,369 



• — - spnrcj! of, 4;. 3S4, 379. Ste alt 
Hicro-organistnt. 

Fungoid plugs, 103 
fUr^^infin-'t test, 258 
Fnrfnro!, 74, 76, 200, 280 

test for bile acids, 200, 288 

— - lest for carbohTdraieH, 74, 280 

Fusifomi degcncrulion, 169 

tiABBKTT'S Staining method, 107 
Gangrect <if ■ ■-■ 

G»HcainJ'ki, ,. _j 

intestinal, 205 

of urine, 328 

Qaslric croup. 150 



x.ls. 209 



mi V. 



lit, 124 



- juice, butyric acid In, 139 

- Juice, carbobydrntes in. 142 

- juice, chemical eianiination of, 

- Dice, chemistry of, 135 

- uice, eicessive secretion of, 137 

- uice, formed elements of, 124 

- uice, hyperacidity of, 137 



juice, naked-eye cbaract«n of, 

I24 

- — juice, organic acids of, 139 

juice, pepsin of, 116 

juice, proteida of, 140 

juice, urea in, 141 

jaicp. zymogen of, 127 

Gastric sound, 124 

ulcer, 147 

-Gaiitritis. acute, 146 

atrophic, 147 

chronic, 146 

Gelatine, nutrient, 3S1 

Genital organs, secretiotiE of, 366 

fientiau- violet, 104 

aniline-water solution, los 
Giaeomi't method for staining mloro- 

misms, 330 

-corpuscles, 34S 
Gilibci' staining method, 107 
Glanders. ImicIIUis of, 46 
— - binillus of. in blooJ, 46 

l)acillus of, in pus, 353 

bacillus of, in urine, 236 

Globulin in pus, 35S 

Globulinuria, 270 
Glycerine in urine, 274 
Glycogen in blood, 74 

in exudations, 367 

in (.jiutum, 114 

in pus, 358 

<ilycogcnic reaction, 231 
Glycosuria, 373 

pathological, 373 

persistent, 273 

physiological, 273 

transitorj', 373 

GlTcurouic acid pnenomonon, 344 
GMAiWt lest. 289 
Goblet -colls ill feces, 169 
G(.n(i^'0.vi, jj4 
i.ii-.'iiijrrhaal urethritis, 334 
Goat, blood in, 70 

2 r 
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Gout, urine in, 311 

Oowers* hajmacytometer, 13 

Ordber'g solution, 8 

Oram and Ordber's theory of micro- 

cytes, 35 
Oram's staining method, 41 
Granular casts, 227 
Granules in colourless blood-corpuscles. 

Grape-sugar, tests for, see Sugar 
Grass-green sputum, 118 
Green stools, 164 
Guanidin carbonate, 202 
Guanimin of isobutyric acid, 202 
Guanin in pus, 358 
OUrUher's staining method, 45 
Oumburg*s resL^ent, 131 

£L£MACYTOMETEB, 1 3 

Hemamceba malarias, 49 

Heematemesis, 148 

Hsematin, formula of, 62 

in vomit, 148 

reduced, 60 

spectrum of, 60 

HsBmatogenic albuminuria, 254 

jaundice, 288 

peptonuria, 265 

Hsematoidin, amorphous, 61, 241 

crystals, 61, no, 195, 241, 357 

Hsematomonas malarise stellata, 5 1 

Hsematophyllum malarise, 49 

Haemato-porphyrin, 61, 293 

Haemato-porphyrinuria, 293 

Hsematoscope, 21 

Hsematospectroscope, 23 

Haematoxylin solution, 232 

Haepatozoa, 49 

Hsematuria, 270 

intermittent, 220 

Haemin- crystals, 61. See TeiehmMnn's 
crystals 

Haemoglobin, amount of, 20 

changes in, i 

proteid of, 60 

reduced, 60 

rhombic crystals of, 38 

spectrum of, 60 

Haemoglobinaemia, 65 

Hacmoglobinuria, 65, 271 

paroxysmal, 271 

Hsemometer, 19 

Haemoptysis, 122 

Haemorrhagic exudation, 359 

infarction of lung, 123 

sputum, 122 

stools, 209 

Hairs in urine, 251 

Halliburton's test for globulin, 270 

Hay-bacillus, 179 

Haycrafis method of estimating urea, 69 

Haycraft and Williamson^ s test for alka- 
linity of blood, 3 

Hayem's solution, 6 



Heat-apoplexy, 209 
Hedge-hog crystals, 249 
Uedin's hsematocrite, 25 
Heller's test, 257, 271 
Helminthiasis, 182 
Hemialbumose, 269 
Hen-cholera, bacillus of, 378 
Hinocque's double spectroscope, 23 

formula, 24 

hsematoscope, 21 

hsemato-spectroscope, 23 

Hepatic diseases, faeces in, 210 

diseases, urine in, 335 

Hepatogenic jaundice, 283 

Hering's lensless spectroscope, 66 

Hexahydro-hsBmatoporphyrin, 61 

Heynsius' test, 257 

Hindenlany's test, 257 

Hippuric acid, 243 

Hoffmann's method for estimating HCl, 

136 

Hofmeisters test for peptone, 266 

Homogeneous immersion lens, 373 

Homogentisic acid, 300 

Homolomyia, 195 

Uufner's apparatus, 312 

Hunter on pernicious aniemia, 290 

HupperVs test for bile-pigments, 76, 

289 
Hyaline casts, 230 
Hydatid cysts, 362 
Hydatids in f«eces, 186 

in sputum, 109 

in urine, 238 

Hydraemia, 67 

Hydriodic acid, 123 

Hydrobilirubin in faeces, 165 

Hydrochinon, 300 

Hydrochloride of phenyl-hydrazin, 72, 

274 
Hydrochloric acid, benzo-purpurin test 

for, 131 

acid, bilberries, test for, 132 

acid, Congo-red test for, 131 

acid, detection of, 129 

acid, Dreschfeld's test for, 133 

acid, emerald-green test for, 130 

acid, estimation of, 133 

acid, Kwald's test for, 129 

acid, fuchsin test for, 129 

acid, in cancer of stomach, 148 

acid, in gastric juice, 1 29 

acid,methyl-aniline-violet test for, 

129 



acid, Mohr's test for, 129 

— acid, oo-tropaeolin test for, 130 

— acid, phloro - glucin and vanillin 
test for, 131 

— acid, Vffelmann^s tests for, 132 
acid, ultramarine and zinc sul- 



phide test for, 133 
Hydrocyanic acid poisoning, 64, 162 
Hydronephrosis, 363 
Hydroparacumaric acid, 300 
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Hydrophobia, micro-organism of, 48 
Hydrothaea meteorica, 195 
Hydrothionwmia, 64 
Hydrothiouuria, 327 
Hyperacidity of gastric juice, 127 
Hypersecretion of gastric juice, 127 
Hypoazoturia, 311 
Hypopyon, 348 
Hyposulphites of urine, 323 
Hyposulphurous acid in urine, 327 
Hypoxanthin, 315, 317 
Hysteria, 255 

Idiopathic bacteriuria, 235 

oxaluria, 307 

Incubator, 388 
Indican, 294 

estimation of, 295 

tests for, 295 

Indicanuria, 293 
Indigo, 248, 293 

blue, 293 

-carmine test-paper, 278 

crystals of, 248 

Indigotin, 293 
Indirubin, 296 
Indol in faeces, 202 

in urine, 302 

Indoxyl-sulphate, 248 

-sulphuric acid, 293 

Indulin, 40 

Infarction, hiumorrhagic, of lung, 123 

Infectious diseases, blood in, 39 

diseases, urine in, 328 

Inflammation, non-tubercular, of lung, 

"7 
Influenza, bacillus of, 356 

Infusoria in fii'ccs, 181 

in pus, 357 

in sputum, 109 

in urine, 237 

in vaginal secretion, 370 

Inoculation with micro-organisms, 3S9 

Inorganic substances in blood, 78 

substances in fjeces, 205 

substances in semen, 367 

substances in sputum, 1 14 

substances in urine, 320 

Inosite in cysts, 362 

test for, 301 

Inosituria, 301 

Insects in faH^es, 195 

Intermittent albuminuria, 252, 255 

ho^maturia, 220 

Intestinal catarrh, 207 

gai$cs, 205 

juice, 143 

putrefaction, 293 

ulcer, 269 

Intestines, the, diseases of^ 207 

tuberculosis of, 208 

luTertin, 205 

lodates, 343 

Iodide of bismuth and potash test, 160 



Iodine in urine, 343 

test for, 343 

lodo-ammonic-iodide, 151 
Iodoform in urine, 343 

test for, 343 

lodo-potassic-iodide test for micio- 

organisms, 171 
Iris diaphragm, 377 
Iron, salts of, in sputum, 1 14 
Iso-butyric acid, 202 
Iso-cyan-phenyl test, 162 

Jacquemin's test for nitrobenzol, 162 
Jaffe's test for indican, 295 

for kreatin, 316 

Jaundice, 77, 210 

casts in, 224 

harmatogenic, 288 

Jaundice, hepatogenic, 288 

inogenic, 288 

urine of, 214, 231, 335 

urobilin, 291 

Joknson*8 picric acid test for sugar, 27S 

Kaibin in urine, 215, 344 

potassium sulphate, 344 

Kidney, amyloid, 331 

ca^seation of, 237 

contracted, 331 

cyanotic induration of, 228 

cystic, 363 

epithelium of, 223 

large white, 230 

small red, 331 

Klebs and I'ommasi-CruddVs bacillus of 

malaria, 49 
KUmperer on thrush fungus, 86 
Knife-rest crystals, see Triple phosphate 
Koch and Ehrlick^t staining methods, 

104 
KocKs pure cultivations, 384 
Kreatin, 315 
Kreatinin, 315 
Kreatinin-zinc chloride, 316 
Kiihne's staining methods, 378 

Lactic acid bacillus, 206 

acid, detection of, 337 

acid fermentation, 146 

acid in blood, 75 

acid in gastric juice, 139 

acid reaction in gastric juice, 139 

acid, tests for, 337 

Lactosuria, 287 

Lfevulosuria, 287 

Ijandois test for reaction of blood, 2 

Larvae, dipteral, 91, 195 

La$iar*8 test for reaction of blood, 2 

Latent disseminated sarcoma, 265 

Laverania malaria, 49 

Lead colic, 338 

Lead, poisoning with salts of^ 152, 33S 

Lecithin corpuscles, 366 

LeffoTi test for acetone, 304 
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Lensless Spectroscope, 66 
Leo' 8 method for estimation of HCl, 134 
Leprosy, bacillus of, 355 
Leptothrix buccalis, 80, 103 

buccalis in sputum, 103 

Leube and Salkowakis titration process, 

280 
Leucin in sputum, 113 

in urine, 244 

tests for, 245 

Leucocytes in blood, 28 

in exudations, 348 

in faeces, 169 

in semen, 366 

in sputum, 94 

in urine, 220 

in uterine secretion, 370 

in vomit, 144 

Leucocytosis, 28 
Leucohypobilin, 210 
Lcucomaines, see Ptomaines 
Leucourobilin, 210 
Leukaemia, 29 

crystals, 30 

lymphatico-splenic, 30 

myelogenic, 29 

splenic, 30 

LichtheinCi plate, 385 

Lichen's test for acetone, 303 

Lipacidaemia, 74 

Lipaciduria, 305 

Lipaemia, 75 

LippicKs polarimeter, 284 

Lipuria, 306 

Litmus, extract of, 353 

Liver, acute yellow atrophy of, 241 

diseases of, faeces in, 210 

diseases of, urine in, 385 

Lochia, the, 370 
Liijffier's staining process, 41 
Lowenberg's diplococcus, 91 
Lucilia capsar, 195 

regina, 195 

Ludwiffs filter, 309 

process, 308 

Lumniczcr 8 haciWnSf 115 
Lung, 8ee Pulmonary 
Lastgartens bacillus, 349 
Lutein, spectrum of, 66 
Lymphatico-splenic leukaemia, 30 

Mackay's teat for bile-acids, 76, 288 
Mac William' 8 test for peptone, 268 
Magenta solution, 107 
Magnesia mixture, 308 

soaps of, in faeces, 196 

Magnesium phosphate. 242 
Maguire on globulin in urine, 270 
Malaria, micro-organisms in, 49 
Maltose in urine, 287 
Maly's test for HCl, 130 
Mammary secretion, 368 
Margarine needles in sputum, 112 
Martin, S., on peptonuria, 268 



Marrow-cells, 32 
Mason's lung, 123 
"Mastzellen," 33 
Measles, urine test for, 328 
Measurement of nrine, 211 
Meconic acid, 82 
Meconium, 206 
Megaloblasts, 35 
Megastoma entericum, 181 
Melanaemia, 35 
Melanin, 301 

tests for, 302 

Mclanogen, 302 

Melanuria, 301 

Melithacmia, 72 

Menstruation, 370 

Mercury, poisoning with salts of, 153, 

339 
tests for, 154, 339 

Metadiamidobenzol, 327 

Metalbumin in cysts, 363 

test for, 363 

Metallic poisons, 152 

Metamorphosed casts, 224 

Metaphosphoric acid test for albumin, 

257 

Metatungstic acid, 160 

Methaemoglobin in blood, 62 

in urine, 272 

spectrum of, 62 

Methan, 251 

Methyl -aniline- violet test for HCl, 129 

for staining fungi, 41 

Methylene blue, 41 

Methyl -violet, 104 

Microbes in pneumonic sputum, 1 19 

Micrococci in buccal secretion, 80 

in nasal secretion, 91 

in pus, 348 

in urine, 233 

see also Fungi 

Micrococcus chlorinus, 119 

dc la rage, 80 

erysipelatos, 47 

gonorrhoicus, 334 

of sputum-septicaemia, 80 

prodigiosus, 369 

tetragenus, 81 

nreae, 234 

Microcytes, 35 
Microcythaemia, 35 
Micro-organisms, cultivation of, 379 

detection of, 372 

examination of blood for, 40 

in hydrophobia, 48 

in malaria, 49 

in scarlatina, 47 

in small-pox, 48 

methods of staining, 40, 103 

of faeces, 1 70 

of milk, 369 

of mouth, 80 

of nasal secretion, 91 

of pus, 348 
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Micro-organisms of urine, 233 

of vaginal secretion, 369 

of vomit, 146 

spores of, 45, 354, 355 

transmission of, to animals, 389 

see alto Fungi 

Microscope, the, 372 
Microscopical examination of the blood, 
6 

examination of cystic fluids, 361 

examination of exudations, 348 

examination of the buccal fluids, 79 

examination of the faeces, 166 

examination of the gastric con- 
tents, 124 

examination of the nasal secretion, 

90 



examination of the semen, 366 

examination of the sputum, 94 

examination of the urine, 217 

examination of the vomit. 144 

examination of transudations, 361 

examination of vaginal secretion, 

369 
Miliary tuberculosis of lung, 1x6 

tuberculosis of urinarj* organs, 333 

Milk, the, 368 

-curdling ferment in gastric juice, 

126 



-curdling ferment in urine, 320 

-sugar, 287 

Millons reagent, 202, 258 

Moht^s estimation of chlorides, 320 

tests for HCl, 129 

MclUcKs sugar reactions, 279 
Molybdate of soda. 1 56 
Monadines in faeces, 180 

in sputum, 109 

Monads in faeces, 181 

in sputum, 109 

Monilia Candida, 86 
Monohydroxyl-benzol derivatives, 258 
Moorts test for sugar, 274 
Mordants in staining micro-organisms, 

33» 379 
Morphia in urine, 340 

poisoning, 156, 340 

tests for, 156 

MoU on pernicious anaemia, 290 

Mould fungi of blood, 39 

fungi of faeces, 1 70 

fungi of gastric juice ani vomit, 

146 

fungi of mouth, 80 

fungi of nose, 90 

fungi of sputum, 102 

fungi of urine, 233 

fungi of vaginal secretion, 370 

fungi of vomit, 146 

Mucin in faeces, 198 

in nasal secretion, 90 

in saliva, 81 

in sputum, 118 

in urine, 272 



Mucin, tests for, 272 
Mucinuria, 272 
Mulder's test, 278 
Murexide test, 71 
Muscle fibres in faeces, 167 

fibres in vomit, 145 

Myelin droplets, 94, 1 10 
Myelogenic leukaemia, 29 

Naphthaline in urine, 346 
Naphthalol, 343 
Naphthol-poisoning, 271 
Nasal catarrh, 91 

secretion, 90 

secretion, cerebro-spinal fluid in,9 1 

secretion, characters of, 90 

secretion, Charcot- Leyden crystals 



in, 91 



secretion, concretions in, 91 

secretion in disease, 90 

secretion, micro-organisms of, 91 

secretion, pus in, 91 

Nematodes, 188 
Nephritis, 329 

acute, 329 

chronic, 330 

embolic, 227 

gravidarum, 241 

sp. gr. of urine in, 213 

toxic, 338 

Nephrolithiasis, 250 

Nmbauers method, 307, 316 

Neuralgia, saliva in, 80 

Neutral phosphate of lime in faeces, 

197 



phosphate of lime in urine, 242 

phosphates, 323 

Neutrophil granules, 33 
Nitrate of silver solution, 321 
Nitrates in urine, 326 
Nicotin, poisoning with, 157, 341 
Nitric acid, poisoning with, 151 

acid test for albumin, 255 

Nitrites in the blood, 65 

in the saliva, 82 

in the urine, 326 

tests for, 326 

Nitrobenzol, poisoning with, 65, 162, 

342 
tests for, 162, 342 

Nitrogen, estimation of, in urine, 315 

Nitro-prusside test, 162 

of sodium as a test for acetone, 

303 



of sodium as a test for melanuria, 
302 
Normal acid solution, 3 

salt solution, 10 

soda solution, 13 

urobilin, 290 

Non-pathogenic fungi of blood, 39 

fungi of faeces, 170 

fungi of gastric juice and vomit, 

MS 
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Kon-pathogenic fungi of pas, 348 

fuDgi of sputam, 103 

fungi of urine, 233 

fungi of vaginal secretion, 370 

Nose, secretion from, 90 
Nose-piece of microscope, 377 
Nosotoxicosis, 319 
Nuclein, 358 

in milk, 368 

in pus, 358 

in semen, 367 

in sputum, 1 1 3 

Nucleo-albumin. See Mucin 
Nutrient agar-agar, 383 

blood serum, 383 

fluids, 382 

fluids, sterilisation of, 380 

gelatine, 383 

gluten, 384 

— milk peptone, 354 
potato, 384 

starch, 384 

substances, 381 

substances, stained, 384 

substances, sterilisation of, 380 

Nylander's test for sugar, 277 

OberMA YER'S test for indican, 295 
Objectives, 373 

apochromatic, 374 

(Edema, pulmonary, 122 

Oidium albicans, 84 

Oil-immersion lens, 373 

Oil of cloves, 41 

Oleic acid, 202 

Oligochromsemia, 8 

Oligocythaemia, 7 

Oliguria, 212 

Omichol, 317 

Optimum temperature, 387 

Orchitis, 367 

Organic acids of blood, 74 

acids of faeces, 202 

acids of gastric juice, 139 

acids of sputum, 113 

acids of urine, 305 

salts of lime in faeces, 198 

Organised sediment of urine, 219 

casts in, 224 

Osteomalacia, 78 

Ovarian cysts, 362 

Oxalate of lime, amorphous, 247 

crystals of, 113, 197, 240 

Oxalic acid diathesis, 306 

acid, estimation of, 307 

acid in urine, 241, 306 

acid, poisoning with, 151 

Oxaluria, 306 

idiopathic, 307 

vicarious, 307 

Oxyacids. aromatic, 300 
Oxyamygdalic acid, 300 
Oxj'haemoglobin, spectrum of, 60 
reduction of, 25 



Oxyuris vermicularis, 190 
Ozaena, 91 
Ozone, 328 

P-AMiDO-dimethyl-aniline, 327 
Pacini* s solution, 9 
Palmitic acid, 202 
Pancreatic cysts, 364 
Paraamido-phenol-sulphoric acid, 342 
Parakresol, 297 

Parakresol-SBther-sulphoric acid, 297 
Paralbumin, 363 
Paramcecium coli, 182 
Parasites of blood, 39 

of buccal secretion, 80 

of faeces, 169 

of gastric juice and vomit, 146 

of malaria, 49 

of milk, 369 

of nasal secretion, 91 

of pus, 343 

of sputum, loi 

of urine, 233 

of vaginal secretion, 369 

Parasite aflections of stomach, 150 
Paroxyphenyl-acetic acid, 300 

-propionic acid, 3CX) 

Paroxysmal albuminuria, 252 

ha^moglobinnria, 272 

Pathogenic fungi of blood, 39 

fungi of buccal secretion, 80, 84 

fungi of fcDces. 173 

fungi of gastric contents, 146 

fungi of milk, 369 

fungi of nose, 91 

fungi of pus, 349 

fungi of sputum, 101 

fungi of urine, 234 

fungi of uterine secretion, 370 

Pathological albuminuria, 253 

acetonuria, 303 

glycosuria, 273 

urobilin, 290 

Pavy'9 fluid, 275 

Pavy*8 method for estimating sugar, 73 

Pcntamcthylene-diamine, 115, 160^318 

PenzohWs test, 279 

Pepsin, detection of, 126 

estimation of, 1 26 

in gastric juice, 126 

in urine, 319 

in vomit, 149 

Peptone in blood, 67 

in foeces, 199 

in gastric juice, 140 

in pus, 358 

in sputum, 113 

in urine, 264 

tests for, 266 

Peptonuria, 264 

enterogenic, 265 

ha?matogenic, 265 

puerperal, 265 

pyogenic, 264 
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Peptonuria, syphilitic, 266 
Periscopic eye-piece, 375 
Peritonitis, 200 
Pernicious anaemia, 38 

urine in, 215 

Peroxide of hydrogen in uriiic, 328 
Persistent glycosuria, 274 
Pettenkofers test, 76 
Phantom corpuscles, 219 
Pharyngomycosis leptothricia, 89 
Phenacetin, 345 
Phenol in faeces, 202 

in urine, 297 

tests for, 202 

-aether-sulphuric acid, 297 

Phenols, estimation of, 299 
Phenyl-glucosazon, 72, 276 

-hydrazin chloride, 72, 276 

-lactosazon, 287 

Phlegmon, 347 
Phloro-glucin, 131 
Phloxin-red, 178 
Phosphates, estimation of, 324 

in faeces, 197 

in sputum, 114 

in urine, 242, 249, 323 

tests for, 324 

Phosphatic sediment, 239, 249 
Phosphomolybdic acid test, 160 
Phosphoric acid, estimation of, 324 
Phosphorus poisoning, 155, 340 
Phosphotungstic acid, preparation of, 

159 
acid test, 160 

Phthisis, urine of, 215, 329 

Physiological acetonuria, 303 

albuminuria, 329 

glycosuria, 273 

Picrate of indol, 302 

Picric acid test for albumin, 258 

acid test for sugar, 277 

Picro -carmine, 232 

Pilimictio, 251 

Pilocarpin, 83 

Pimaric acid, 256 

Pinic acid, 256 

Piophila casei, 195 

Plasma of blood, i 

Plasmodium malariae, 49 

Plastic bronchitis, 1 1 5 

Plate cultivations, 385 

Platinum chloride test, 160 

Platodes, 182 

PUhns solution, 57 

Pneumaturia, 251 

Pneumoconiosis, 123 

Pneumonia, 118 

fibrinous coagula in, 100 

micro-organisms of. 107, 118 

sputum of, 107, 118 

Pneumonia-coi'cus, detection of, 108 

of Frdnkel, 108, 1 20 

of Friedldnder. 107, 1 20 

Poikilocytes, 31, 36 



Poikilocytosis, 31, 36 

Poison elaborated by cholera bacillos, 

176 
Poisoning with acids, 150, 338 

with alkalies, 152, 338 

with alkaloidjs, 156, 340 

with aniline, 342 

with carbolic acid, 161, 341 

with carbonic oxide, 6j, 273, 342 

with chlorate of potasn, 65, 152 

with chloroform, 161, 341 

with ethylic alcohol, 161, 341 

with hydrocyanic acid, 64, 162 

with metals and metalloids, 152, 

338 



with nitro-benzol, 65, 342 

with nitrous oxide, 65 

with ptomaines, 158 * 

with sulphuretted hydrogen, 64 

Polarimeter, 284 

Polarisation, 284 

Pollenia rudis, 195 

Polymitus malariae, 50 

Polyuria, 212 

Potato, sterilised, 380, 384 

Praraz' syringe, 389 

Preparation of cover-glasses, 40, 105 

Propeptone in gastric juice, 141 

in semen, 269 

in urine, 269 

tests for, 269 

Propionic acid, 202 
Prostatic fluid, 366 
Proteids formed in gastric digestio; 
141 

of blood, 67 

of buccal secretion, 83 

of cystic fluids, 363 

of fffices, 168, 198 

of gastric juice, 140 

of pus, 358 

of sputum, 113 

of transudations, 361 

of urine, 251 

tests for, 141 

Proto-albumose, 268 

Protozoa of blood in small-pox, 57 

in malaria, 49 

of faeces, 180 

of pus, 357 

of sputum, 109 

Prune-juice sputum, 118 
Prussic acid poisoning, 64, 162 

acid, tests for, 162 

Pseudo-diphtheria bacillus, 89 
Psorospermia, 181 
Ptomaines, detection of, 159 

in blood, 77 

in faeces, 205 

in gastric juice, 158 

in urine, 317, 34i 

poisoning with, 158, 341 

tests for, 159 

Ptomato-atropin, 160 



456 



INDEX. 



Ptyalism, 8i 
Puerperal fever, 47 

peptonuria, 265 

Pulmonary affections, sputum in, 114 

abscess, 121 

gangrene, 121 

oedema, 122 

Pure cultivations, preparation of, 384 
Purulent exudations, chemical exami- 
nation of, 358 

exudations, crystals in, 358 

exudations, fungi of, 348 

exudations, naked-eye characters 

of, 347 
Pus, characters of, 347 

chemistry of, 358 

crystals of, 358 

fungi of, 348 

in faeces, 169 

in nasal secretion, 91 

in sputum, 94 

in stomach, 150 

in urine, 221 

VitalVs test for, 221 

Putrefaction bases, 317 
Putrescin, 160, 318 
Putrid bronchitis, 115 

exudation, 359 

Pycnometer, 212 
Pyelitis calculosa, 332 
Pyelo-nephritis, casts in, 227 
Pyogenic peptonuria, 264 
Pyrocatechin, 299 

separation of, 300 

tests for, 300 

Pyuria, 221 

QUABTAN ague, parasite of, 53 
Quincke's inogenic jaundice, 288 
Quinine in urine, 215, 344 
Quinone-ty rosin reaction, 245 

Reaction of blood, 2 

of faeces, 164 

of gastric juice, 127 

of pus, 347 

of sputum, 93 

of urine, 216 

Red blood -corpuscles, see Blood-cor- 
puscles 
Reduced ha?matin, 60 

haemoglobin, 60 

haemoglobin, spectrum of, 60 

Reducin, 317 
ReieherCs lenses, 373 
Relapsing fever, spirillum of, 14 
Renal albuminuria, 253 

casts, 224 

colic, 247 

epithelium, 223 

Resorcin in urine, 214 
Retention-toxicosis, 318 
Reynolds' test for acetone, 304 
Rhabditis genitalis, 23S 



Rhabdonema strongyloides, 194 

Rheumatic arthritis, urine in, 311 

Rhinoliths, 91 

Rhizopoda, 180 

Rhubarb in urine, 214 

Ribbert*8 small red kidney, 23 1 

Rice-water stools, 209 

Richet^s method for estimation of HC]» 

133 
Rickets, 78 
Roberts* fermentation process, 282 

method of estimating albumen^ 
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test for serum-globulin, 270 



Rochelle salts, 281 
Rosanilin hydrochloride, 107 
Rosenbach's test for bile pigments, 289 
Round worms, 188 
RousfirCa crystals, 1 57 
Rubners test for sugar, 278 

Sacchargmyces cerevisiffi, 145 

ellipsoideus, 170 

Saccharomycetes, 170 

Safranin, 232 

Sago-grain forms in faeces, 166 

SahlVa test for pepsin, 319 

Salicylates in urine, 343 

Salicyl-sniphonic acid test, 258 

Saliva, chemistry of, 81 

fangi of, 80, 85 

in disease, 82 

microscopical appearances of, 80 

naked-eye characters of, 79 

»€€ also Buccal secretion 

Salivary corpuscles, 79 

Salkowski's colorimetric process, 296 

Salol, 343 

Salts of the blood, 77 

Santonin, 346 

Sarcina of urine, 234 

pulmonis, 103 

variegata, 103 

ventriculi, 146 

Sarcolactic acid in blood, 75 

acid in urine, 338 

Sarcophaga haematodes, 195 

ha?morrhoidalis, 195 

Sarkin, 315 

Scarlatina, nephritis in, 223 

streptococcus of, 45 

Skatol, 202 

Scheme of a bacteriological investiga- 
tion, 390 

Scherer's test for phosphorus, 155 
I Schottelius' method of cultivation, 175 

Schreiners base, 366 

Scolices, 362 

Scurvy, urine in, 217, 290 

Searchers, 377 

Sediment, urinary, 219 

Sedimentator, 218 

Seegcn's method for estimating grape- 
sugar, 73 
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Semen, chemistry of, 367 

physical characters of, 366 

Senna in urine, 215 

Sepsis occulta, 264 

Septicaemia of mouse, bacillus of, 171, 

356 

milk in, 368 

urine in, 236 

Seropurulent exudation, 358 
Serous exudation, 359 
Serum-albumin in pus, 358 

albuminuria, 253 

-globulin in urine, 270 

-globulin, Roberts' test for, 271 

in semen, 367 

in sputum, 113 

in urine, 253 

tests for, 255 

Siderosis pulmonum, 123 
Silicates in sputum, 114 
Simple sulphuric acid, 323 

estimation of, 323 

A^joqvisfs method for estimation of 

HCl, 134 
Skatoxyl, 296 

sulphuric acid, 296 

Small-pox, protozoa in, 57 

Smegma bacillus, 334 

Soaps of lime and magnesia, 246 

Soda solution, normal, 13 

Sodium pyrophosphate, 325 

Spasmotoxin, 48 

Spectra, 59 

Specific gravity of the blood, 5 

gravity of the blood, estimation 

of, 5 
Spectroscope. Broicning s^ 59, 66 

double, 23, note. 

lensless, 66 

Spermatic crystals, 367 
Spermatozoa, 233, 366 
Spirals, 98 
Spirillum of cheese, 1 77 

of relapsing fever, 44, 236 

of relapsing fever, spores of, 45 

Spirochaete buccalis, 80 

dentinm, 80 

Spores, preparation of, 354, 355 

staining of, 45. 379 

Sporozoa in faeces, 181 
Sputum, the, 93 

alveolar epithelium in, 94 

bacteria in, 102 

blood in, 94, 122 

chemical examination of, 113 

colour of, due to micro-organisms, 



119 



connective tissue in, 100 
crvstals in, 112 
diamines in, 115 
elastic fibres in, 97 
fatty acids in, 113 
ferment in, 114 
fibrinous coagula in, 100 



Sputum, glycogen in, 114 

in disease, 114 

inorganic constituents of, 114 

microscopical examination of, 94 

naked -eye characters of, 93 

-: parasites of, loi 

proteids of, 113 

quantity of, 93 

reaction of, 93 

specific gravity of, 93 

spirals in, 98 

stratification of, 93 

Staining fluids, preparation of, 105 

of micro-organisms, Biedert'a me^ 

thod, 107 
— — Ehrlich'B method, 105 

GahbetCs method, 107 

GiaeomVs method, 350 

Oibbes' method, 107 

Gram's method, 41 



Giinthers method, 4J 

Friedldiider's methodf, 107 

Koch's method, 104 

Loffiers method, 41 

Lustgartens method, 349 

Toisons method, 12 

WedVs method, 352 

WeigerVs method, 352 

with aniline dyes, 41, 104 

Staphylococcus pyogenes sdbus, 81 

pyogenes aureus, 81, 348 

pyogenes citreus, 81 

pyogenes in milk, 368 

Starch as a nutrient substance, 384 

digestion of, 142 

granules in faeces, 167 

in faeces, 167 

in gastric juice, 142 

in urine, 250 



Starvation, indican in, 293 
iSfrt.*-0«o method, 156 
Stearic acid, 202 
Stenbeck's sedimentator, 218 
Stercobilin, 165 
Sterilisation, methods of, 379 
Sterilised blood-serum, 380 

blotting-paper, 386 

nutrient substances, 380 

test-tubes, 380 

Steriliser, 380 

steam, 381 

Stevart, Grainger , on albuminuria, 251 
Stomach, atrophy of, 147 

cancer of, 148 

contractile activity of, 142 

dilatation of, 149 

mucous catarrh of, 147 

rate of absorption in, 142 

Stomatitis, 84 
Stratified sputum, 93 
Streptococci, 47, 235 
Streptococcus erysipelatos, 47, 235 

of scarlatina, 48 

pyogenes, 47, 235, 349 
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Strongylides, 190 

Strongylus duodenalis, 190 

/SiCute' capsules, 258 

Snccinic acid, 362 

8ngar, fruit, see. Lsevulose 

grape, estimation of, 230 

grape, estimation of, by fermenta- 
tion, 282 

grape, estimation of, by polarisa- 
tion, 283 

grape, estimation of, by titration, 



280 

— grape, estimation of, Claude Ber- 
nard's method, 73 

grape, estimation of, Setgen*8 



method, 73 

grape, in blood, 72 

grape, in exudations, 358 

grape, in urine, 273 

grape, tests for, 274 

mUk, 287 

Sulphanilic acid test, 328 
Sulphates of sputum, 1 14 

of urine, 323 

Sulphide of bismuth crystals, 198 

of sodium solution, 309 

Snlphocyanide of ammonium solution, 

321 

of saliva, 83 

of urine, 322 

Sulphur in urine, 323 
Sulphuretted hydrogen in blood, 64 

hydrogen in faeces, 205 

hydrogen in urine, 327 

hydrogen poisoning, 64 

hydrogen, tests for, 327 

Sulphuric acid, compound, 297 

acid, poisoning with, 150 

acid, simple, 323 

Syntonin in gastric juice, 141 
Syphilis, bacillus of, 349 

haemoglobin uria in, 271 

of liver, 334 

peptonuria in, 266 

TiENiA cucumerina, 185 

elliptica, 185 

flavopunctata, 185 

leptocephala, 185 

madagascariensis, 185 

mcdiocanellata, 182 

nana, 184 

saginata, 182 

solium, 183 

Tannin in urine, 346 

test for ptomaines, 160 

Tanret's reagent, 257 

Tartrate of potassium and sodium, 281 

Tanrocholate of soda, 84 

Teat- worm, 190 

Teeth, deposit on, 86 

Teiehmann's crystals, 61 

test, 61 

Tertian ague, parasites of, 51 



Testicle -cells, 366 

Test-meal, 140 

Test-tube cultivation, 387 

Test-tubes, sterilised, 380 

Tetanin, 48 

Tetanotoxin, 48 

Tetanus, bacillus of, 355 

Tetramethylene-diamine, 160, 318 

Tetramethyl-paraphenyl-diamine, 134 

Tetrar-paper, 134 

Tballiu in urine, 344 

Thermostat, 387 

Thiosulphates, 323 

Thomas' cylindroids, 232 

Thoma-Zeiss' apparatus, 9 

Thoracic-duct, obstructiftn of, 349 

Thread- worms, 190 

Thrush fungus, 85 

in faeces, 1 70 

in mouth, 85 

in nose, 91 

in stomach, 150 

in vagina, 369 

Thymol test for chloroform, 161 

test for sugar, 279 

to preserve urine, 218 

Titration method for estimating sugar,. 

280 
Toiwns staining fluid, 12 
Toluol, 300 
Tongue, coating of, 87 
Tonsillitis, 87 
Tonsils, coating of, 87 
Toxalbumins, 158 
Toxic nephritis, 338 

states, urine of, 338 

Transitory glycosuria, 273 
Transudations, 361 
Traube on elastic fibres, 97 
7Vau&e'» corpuscles, 219 
Trematodes, 187 
Tribromophenol, 299 
Trichina spiralis, 193 
Trichinosis, 194 
Trichocephalus dispar, 192 
Trichomonas intestinalis, 182 

vaginalis, 370 

Trichotrachelides, 192 
Trigeminal neuralgia, 82 
Trimethylamin, 370 
Triple phosphate crystals, 242 

phosphate crystals in faeces, 197 

phosphate crystals in pus, 358 

phosphate crystals in sputum, 115 

phosphate crystals in urine, 242, 

247 
Trommcr's test, 274 
TropsBolin (00) test for HCl, 130 
Troup on alveolar epitheUum, 96 

on spirals, 98 

Trypsin, 319 

Tubercle, bacillus of, 45, 103 

bacillus of, detection of, 103 

bacillus of, in blood, 45 
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Tabercle, bacillus of, in feces, 179, 208 

bacillus of, in milk, 369 

bacillus of, in pus, 350 

bacillus of, in semen, 366 

bacillus of, in sputum, 103 

— - bacillus of, in urine, 236 

bacillus of, spores of, 116 

Tubercular infiltration of lung, 116 

infiltration of lung, pneumonic 

type of, 11& 

infiltration of lung, typhoid type 



of, 116 
Tuberculin, 46 
Tuberculosis, chronic, 1 16 

miliary, 116 

of lung, 116 

of urinary organs, 237, 333 

urine in, 328 

Tumours, fragments of, in faeces, 167 

in urine, 233 

Tunnel-borer's anaemia, 191 
Turpentine, oil of, 346 
Typhoid fever, 208 

fever, bacillus of, 46, 81, 177 

fever, blood in, 46 

fever, A'ArWcA'* urinary test for, 328 

fever, faeces in, 177 

fever, urine in, 328 

Tyrosin crystals, 244 

crystals in faeces, 196 

crystals in sputum, 112 

crystals in urine, 244 

crystals, tests for, 244 

Tyrotoxin, 160 

Uppelmann's tests for HCl, 132 
Ulcer, chronic gastric, 147 

duodenal, 148 

tubercular, 91 

Ulceration, tubercular, of urinary or- 
gans, 333 
Ulcerative endocarditis, 236 

enteritis, 207 

rhinitis, 91 

Ultramarine and zinc sulphide test, 133 
Ullzmann's test f 289 
Unna's blood-serum plates, 381 
Unorganised casts, 224 

sediment, 239 

Urwmia, 77, 331 

casts in, 225 

Uranium solution, 325 . 

Urates, casts of, 224 

in urinary sediment, 239 246 

Urea, estimation of, 311 

excretion of, 311 

in blood, 68 

in fsces, 200 

in gastric juice, 141 

in saliva, 83 

in urine, 311 

tests for, 68 

Ureteritis membranacea, 332 
Urethra, epithelium of, 222 



Urethritis, 334 

Uric acid crystals, 240 

acid diathesis, 308 

acid, estimation of, 308 

acid in blood, 70 

acid in exudations, 360 

acid in urine, 240 

acid, tests for, 70 

Urina spastica, 215 

Urinary concretions, 247, 250 

organs, tuberculosis of, 236 

sand, 250 

sediment, 219, 240 

Urine, the, 21 1 

actinomyces in, 237 

aether-sulphuric acids in, 297 

albumin in, 251 

amorphous deposit of, 219 

bile acids in, 287 

bile pigments in, 241, 288 

blood in, 219 

carbohydrates in, 273 ; 

casts in, 224 

chemical examination of, 255 

chlorides in, 320 

chromogens of, 214 

colour of, 214 

crystalline deposit of, 239 

detection of drugs in, 34J 

diacetic acid in, 305 

diamines of, 318 

epithelium in, 221 

fat in, 247, 306 

fatty acids in, 305 

faecal substances in, 255 

ferments of, 319 

foreign bodies in, 250 

fragments of tumours in, 233 

gases of, 328 

in anaemia, 337 

in congestion, 329 

in diabetes, 336 

in diseases of alimentary caaal^ 
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in febrile states, 328 

infusoria of, 237 

in hepatic affections, 335 

in measles, 328 

in nephritis, 329 

inorganic constituents of, 320 

in septicaemia, 236 

in tuberculosis, 236 

in typhoid, 328 

leucocytes in, 220 

microscopical examination of, 217 

organic acids of, 305 

naked-eye inspection of, 211 

organised sediment of, 219 

oxalic acid in, 307 

parasites of, 233 

phosphates in, 323 

pigments of, 214 

proteids of, 251 

ptomaines in, 317 
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Urine, pus in, 221 

quantity of, 211 

reaction of, 216 

specific gravity of, 212 

spermatozoa in, 233 

sugar in, 273 

urea in, 3 1 1 

urobilin in, 290 

vermes in, 237 

Urinometer, 213 

Urobilin, febrile, 290 

— ^[blood derived from, 76 

in faeces, 164, 204 

in urine, 214, 290 

normal, 214 

'- 6f transudations, 361 

separation of, 204 

spectrum of, 292 

test-s for, 291 

Urobilin- jaundice, 291 
Urobilinuria, 290 
Urochrome, 214, 317 
Uroerythrin, 214, 240 
Urohaematoporphyrin, 293 
Uroleucic acid, 300 
Urotheobromin, 317 
Uterine secretion, 370 

Vaginal secretion, 369 
Valerianic acid, 202 
Vanillin, 131 

Vapour-sterilisation apparatus, 380 
Vermes in blood, 57 

in faeces, 182 

in pus, 357 

in sputum, no 

in urine, 257 

Vesical calculus, 333 

epithelium, 221 

tumours, 333 

Vesuvin, 105 
Vibrio buccalis, 80 
Vicarious oxaluria, 307 
Victoria blue, 377 
Vierordt's spectrophotometer, 297 
Viiali's guaiacum test, 221 
VogeVs colour scale, 215 
Volatile fatty acids in blood, 74 

fatty acids in faeces, 200 

- - fatty acids in gastric juice, 139 

fatty acids in sputum, 113 

fatty acids in urine, 305 

Volhard's method, 320 
Vomit, the, 144 

acids in, 150 

alcohol in, 161 

alkalies in, 152 

alkaloids in, 156 

blood in, 144 

carbolic acid in, i6i 



Vomit, chloroform in, 161 

contents of, 144 

diamines in, 159 

faecal substances in, 150 

fungi of, 145 

hydrocyanic acid in, 162 

in acute gastritis, 146 

in cancer of stomach, 148 

in chronic gastritis, 146 

in gastric ulcer, 147 

in parasitic affections of stomach, 

150 

in poisoning, 150 

nitric acid in, 151 

oxalic acid in, 151 

ptomaines in, 158 

pus in, 150 

sulphuric acid in, 151 

yeasts in, 145 

Vomitus matutinus, 146 

Von FleischVa haemometer, 19 

Von Meringsmd Cahn'8 method for esti- 
mation of HCl, 133 

Vorimannstest for hydrocyanic acid, 163 

Wasting diseases, indican in, 294. 

Waxy casts, 228 

Webcr*8 test for indican, 295 

Wedl's litmus solution, 352 

Weigert^s staining process, 352 

Weyfs test for kreatinin, 316 

Whetstone crystals, see Triple phos- 

phate 
Whipworm, 192 

White blood-corpuscles, see Leucocytes 
Whooping-cough, bacillus of, 109 

protozoa in, 109 

Wool -sorters' disease, 42 
Working eye-piece, 377 
Worm-MiiUer's test for sugar, 275 
Worms, see Vermes 
WUrster^s test for tyrosin, 244 

Xantiiin, 315 

bases, 71 

Xantho-kreatinin, 315 
Xantho-proteio test, 258 
Xylol, 45 

Yeast-fungi of buccal secretion, 80 

of faeces, 170 

of sputum, 103 

-^ — of urine, 233 

of vaginal secretion, 369 

of vomit, 145 

Zeiss's lenses, 377 

Ziehl'NeeUcn fluid, 106 

Zinc sulphide and ultramarine test, 133 

Zuntz test for reaction of blood, 2 

Zymogen of gastric juice, 127 
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